Lophotrochozoa 


Members have either a lophophore (a crown of ciliated tentacles) 
" Bryozoans 
" Brachiopods 
" Rotifers 


Or have a trochophore larval stage 
-Platyhelminthes (flatworms) 
-lAnnelids 
" Molluscs 
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PHYLUM ROTIFERA - PM 
“WHEEL ANIMALCULES” 


Named for ciliated crown or corona 
2000 species — mostly freshwater 
Digestive tract with mouth and anus — 
mastax 

Pseudocoelomate 

Protonephridia with flame bulbs 


Platyhelminthes 
Rotifera 
Brachiopoda 
Mollusca 
Annelida 
Ecdysozoa 
Deuterostomia 


Lophotrochozoa 


Cnidaria and Ctenophora 


Protostomia 


Radiata Bilateria 


二 一 一 
Parazoa Eumetazoa 
) 


Reproduction 


_IPARTHENOGENESIS - 
unfertilized diploid eggs 
develop into females (all 
Class Bdelloidea rotifers are 
female) 


JUnfertilized haploid eggs 


become degenerate males 
that live long enough to 
produce sperm, with no 
digestive tract 


Loss of sex reproduction is 
simple allelic Mendelian 
inheritance 


Sexual dimorphism 


EY > 
jM Ue 3 
V KZ 


N || CS 
=, 
Sy! AN 
№ и" 
“4 


* 
Flame bulb. ——————— “ 


Eye spot 


Digestive gland 


Stomach 


Pseudocoelom—————— . 


Intestine 一 hl 
Bladder NG 
ї 


Апиѕ m aa Y 
а N - Foot 

Pedal glands = 

NI 


Тое 一 一 


ES 
iJ 
一 
[= 
E 
E: 


ROTIFERS 


Rotifers have cilla on theirihead which can 


createla,vortexitolsucklinifood M397400X 


ROTIFER EATING 


(S Ч 
PAE 


LOPHOPHORATES 


Phylum Bryozoa 
Phylum Brachiopoda 


Lophophore - ciliary feeding device that 
also functions in respiration 


True coelom 


Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display. 


Bryozoa 


Phylum Bryozoa- "moss animals" 


e Small colonial aquatic animals 
* Look (superficially) like plants 
* About 4,000 species 


* Animal ("zooid") secretes and lives 
inside "zoecium" (of chitin, calcium 
carbonate, or gelatinous) 


* Monoecious 


E 


Rotifera 
Mollusca 
Annelida 

Ecdysozoa 
Deuterostomia 


Platyhelminthes 
=== Brachiopoda 


Lophotrochozoa 


Cnidaria and Ctenophora 


Phylum Brachiopoda - lamp | 
shells Protostomia — 


Radiata Bilateria 


* Marine with 2 shells C j 


* Dorsal and ventral valve Parazoa Ей оа 


* About 300 living species —YT- 
* Well represented as fossils (12,000 

species) 
* Dioecious 
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Zoecium 


Lophophore 


(a) A bryozoan (b) A brachiopod, the northern lamp shell 


BRACHIOPOD - “LAMP SHELL” 


BRYOZOAN COLONY 


PHYLUM MOLLUSCA 


Class Gastropoda 


Class Bivalvia 


Class Polyplacophora 


Class Cephalopoda 
Class Scaphopoda 
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CLASSIFICATION OF THE MOLLUSCA 


Phylum Mollusca (mol-lus'kah) 
The coelomate animal phylum whose members possess a head-foot, visceral mass, mantle, and mantle cavity. Most molluscs also possess a 
radula and a calcareous shell. Nearly 100,000 species. 
Class Caudofoveata (kaw'do-fo"ve-a"ta) 
Wormlike molluscs with a cylindrical, shell-less body and scale-like, calcareous spicules; lack eyes, tentacles, statocysts, crystalline style, 
foot, and nephridia. Deep-water, marine burrowers. Chaetoderma. Approximately 150 species. 
Class Solenogastres (so-len"ah-gas'trez) 
Shell, mantle, and foot lacking; worm-like; ventral (pedal) groove; head poorly developed; surface dwellers on coral and other 
substrates. Marine. Neomenia. Approximately 250 species. 
Class Polyplacophora (pol"e-pla-kof'o-rah) 
Elongate, dorsoventrally flattened; head reduced in size; shell consisting of eight dorsal plates. Marine, on rocky intertidal substrates. 
Chiton. 


Class Monoplacophora (mon"o-pla-kof'o-rah) 
Molluscs with a single arched shell; foot broad and flat; certain structures serially repeated. Marine. Neopilina. Approximately 
25 species. 


Class Gastropoda (gas-trop'o-dah) 

Shell, when present, usually coiled; body symmetry distorted by torsion; some monoecious species. Marine, freshwater, terrestrial. 
Nerita, Orthaliculus, Helix. More than 35,000 species. 

Class Cephalopoda (sef'ah-lah"po'dah) 

Foot modified into a circle of tentacles and a siphon; shell reduced or absent; head in line with the elongate visceral mass. Marine. 
Octopus, Loligo, Sepia, Nautilus. Approximately 550 species. 

Class Bivalvia (bi"val've-ah) 

Body enclosed in a shell consisting of two valves, hinged dorsally; no head or radula; wedge-shaped foot. Marine and freshwater. 
Anodonta, Mytilus, Venus. Approximately 30,000 species. 

Class Scaphopoda (ska-fop'o-dah) 

Body enclosed in a tubular shell that is open at both ends; tentacles used for deposit feeding; no head. Marine. Dentalium. More than 
300 species. 


This taxonomic listing reflects a phylogenetic sequence. The discussions that follow, however, begin with molluscs that are familiar to most students. 
E 
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MOLLUSCAN CHARACTERISTICS 


Body of two parts: head-foot and visceral mass 


Mantle that secretes a calcareous shell and covers the visceral 
mass 


Mantle cavity functions in excretion, gas exchange, elimination of 
digestive wastes, and release of reproductive products. 


Bilateral symmetry 


Trochophore larvae, spiral cleavage, and schizocoelous coelom 
formation 


Coelom reduced 
Open circulatory system (except Cephalopoda) 


Radula usually present 


BODY ORGANIZATION 


Head-foot 


* Mouth 
* Foot for attachment and locomotion 
Visceral mass 


* Organs of digestion, circulation, reproduction, excretion 
Mantle 


* Secretes shell 
* Respiration 
Mantle cavity 


* Excretion, elimination of digestive wastes and reproductive products, 
feeding in bivalves, movement in cephalopods 


Radula 
* Rasping food 


FIGURE 28.20 
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Crop mass Heart 
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There are many species and variations of mollusks; this illustration shows the anatomy 


of an aquatic gastropod. 


Molluscan body organization. 


Heart Gonads 


Mantle 
Visceral Mass 
Esophagus 
Radula 


Stomach Intestine 
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Nephridium 
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CLASS GASTROPODA 


GASTROPODS: SNAILS, LIMPETS, SLUGS, WHELKS, CONCHES, PERIWINKLES, 
SEA SLUGS (NUDIBRANCHS), , AND SEA BUTTERFLIES 
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CLASS GASTROPODA 


* Torsion 


* Developmental process that changes the relative position of the 
shell, digestive tract and anus, nerves that lie on both sides of the 
digestive tract, and the mantle cavity containing the gills 


ONTOGENETIC TORSION 


Shell Mouth i 
ale Lateral View Mantle cavity 


— | now anterior 


Dorsal View 


Developing mantle cavity 


In veliger larva, Shell rotates Anus and mantle Anus rotated 180°; Adult snail 
anus is posterior; to adult position; continue to rotate; mantle epithelium 
no mantle cavity viscera rotates 90°; mantle cavity expands reorganizes to 

is visible mantle cavity visible enlarge cavity 


SNAIL SHOWING TORSION 


By User:Fir0002 - Own work, GFDL 1.2, https://commons.wikimedia.org/w/index.php?curid=5520991 


CLASS GASTROPODA 
Coiling 
* Spiral winding of the shell and the visceral 


mass inside. 


* Ancestors had a flat spiral shell — not as 
compact. 


* Modern snail form spirals out to the side, but 


its heavy, so shell shifted up higher. 


Locomotion 


* Flattened foot 
* Cilia propel over mucous trail 
* Muscular waves 


CLASS GASTROPODA Ё 


Feeding and digestion 


* Most scrape algae and attached 
organisms 

* Herbivores, predators, 
scavengers 

* Oyster borer alternates rasping 
with chemical softening of the 


shell to bore a hole in an oyster AA 


GASTROPOD FEEDING DIVERSITY 


Species of Conus deliver a lethal 
sting to secure prey 


* Venom is specific for the 
neuroreceptors of its preferred 
prey 

E Radula tooth modified into a 
hypodermic needle and this is 
attached to a venom gland 

E Tooth is barbed on the end of a 
proboscis and can be extended 
out of the head. 


OTHER BODY FUNCTIONS 
Open circulatory system 


* Blood bathes tissues in sinuses. 


* [ransports nutrients, wastes and 
gases 


Nervous system 


* Six ganglia plus nerve cords 


Sensory structures 


* Eyes at base or end of tentacles 
* Statocysts in foot 


salivary gland 


cerebral 4 
ganglia ff 


| bucZal mass 
genital pore salivary duct 
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CLASS GASTROPODA FACTS 


* Pulmonates (= with lungs) 
* Includes all land and most freshwater snails and slugs 


* Ancestral gill has been lost and the mantle wall (full of blood 
vessels) is now a lung 


* Air fills lung by contraction of mantle floor 


Monoecious. 
Slug sex video 


INT: 


By SeanMack - Own work, CC BY 3.0, 
https://commons.wikimedia.org/w/index.php 
?curid=2830365 


DAVID ATTENBOROUGH SLUG 


SNAIL TENTACLES 


Aquatic species have one pair of tentacles. 


Landforms have two pair of tentacles and the posterior pair has 
eyes. 


eye 


Smell and touch 


CLASS BIVALVIA 


CLASS BIVALVIA 


Class Bivalvia 

Mussels, clams, scallops, oysters, and shipworms 

Range in size from 1—2 mm in length to the giant South Pacific clams 
Most are sedentary filter feeders 

Bivalves /ack a head, radula, or other aspects of cephalization 

Most are marine 
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BIVALVE SHELL 


2 shells or "valves" 
* Valves are drawn together by strong 
adductor muscles 


Umbo is the oldest part of the shell with 
growth occurring outward in rings 


Pearls are produced when an irritant is 
lodged between the shell and mantle 


* Layers of nacre are secreted around the foreign 
material 


PEARLS 


Figure 11.3 Molluscan shell and mantle. 
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GAS EXCHANGE, FILTER FEEDING, AND 
DIGESTION 


Sedentary filter feeders (like clams) 


* Loss of head and radula 
* Cilia-covered gills in folded sheets 
* Cilia create water currents into and through mantle cavity. 


* Foodis trapped along gill surface and transported to food 
grooves and labial palps toward mouth. 


Bivalve feeding. Blue arrows show path of water into and out of clam. Yellow 
arrows show path of food particles, which come in with the water current and 
get stuck on the gills. 


rt 


Labial Pal : 
A Siphons 


Mantle Cavity 


OTHER BODY FUNCTIONS 
Open circulatory system 


* Mantle and gills oxygenate blood 


Nephridia (liquid nitrogenous wastes) 


* Below pericardial cavity 


Nervous system 


* Three pairs of interconnected ganglia 
* Sensory receptors at mantle margin 


(b) Mollusk 


Artery  — = 
to foot X wre 


Vein from foot 
e 2001 Sinauer Associates, Inc. 
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Shipworms 


Larry S. Roberta Larry 5. Roberta 


REPRODUCTION AND DEVELOPMENT 


Mostly dioecious 
Gonads within visceral mass 
Mostly external fertilization 


Trochophore and veliger larval stages 


Freshwater group has 


* Parasitic larval stage (parasitic on fish gills), called a glochidium 


Trochophore (a) and veliger (b) larval stages. Glochidia of an freshwater bivalve. 


= Glochidium Larva:- Found In Mollusca 
м -— Band of cilia 


OS shell lip 
prehatch veliger 


Glochidium Larva 


Bivalve diversity. Rock scallop (Hinnites giganteus). 


ROCK SCALLOP 
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Bivalve diversity. The geoduck 


Digging deep 


The geoduck lives a sedentary life beneath the seafloor. Adults dig to a depth of about 3 feet. 
If unearthed, they cannot rebury themselves. 


Once situated, the geoduck 
pulls in water, filtering food, 
and expels waste through 
the siphon neck. 


extends Then expands foot Ву contracting ...һе clam 
foot. to anchor itself its foot pulls its shell 


in the sand. muscles... downward. 


Geoduck - Panopea abrupta 


CLASS CEPHALOPODA 


Squid, octopuses, cuttlefish, and nautiluses 


Foot modified into circle of tentacles or arms and incorporated 
into siphon 


Head in line with visceral mass 


Muscular mantle 


REPRESENTATIVE CEPHALOPODS 


Squid and Cuttlefish (8 arms and 2 tentacles) 

Chambered Nautilus (up to 90 tentacles) 

Octopus and Vampire squid (8 arms) 

Most complex brain of any invertebrate (memory and learning) 


Head and foot completely merged, and the arms, tentacles and siphon 
are derived from the foot 


Have beak and radula, some with poison salivary glands 


No larval stage, semelparous (mate once and die) 


Chromatophores and skin texture change 


Eyes with cornea, lens, retina and iris 


Internal structure of the squid 


ink gland 


funnel 


covered 
in suckers 
on one 
side 
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Squid (Giant) 


Architeuthis dux 


reproductive organs 


systemic heart 
brachial heart 
sucker- 


er covered 


ends 
called 


two long feeding 
tentacles 
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CLASS CEPHALOPODA 


Shell 


* Reduced or absent except in nautilus 


Locomotion 


* Jet propulsion using muscles of mantle compressing water within 


mantle cavity and siphon 


Feeding and Digestion 


* Predators 
* Tentacles, jaws, radula (beak) 
* Octopus tenting behavior 
* Digestive tract muscular with large digestive glands 


OTHER BODY FUNCTIONS 


A. Closed circulatory system 
B. Nervous system 


1. Large brains (wrap around their esophagus) 
a. Bestlearning ability for an invertebrate 

2. Complex sensory structures 
a. Eyes 
b. Statocysts 


C. Chromatophores 


1. Color changes involved with courtship and other displays 
2. Cuttlefish colors 
D. Ink glands 


The cephalopod eye. 


Octopus 


Photoreceptor 


muscle 


Lens 
Iris 


Nerve 
Fibers 


Optic 
ganglion 


Blind Spot 


Bipolar 


REPRODUCTION AND 
DEVELOPMENT 


Dioecious 
Male produces spermatophores 


* Transfers to female's mantle cavity using modified tentacle 
(hectocotylus) 


Eggs deposited singly or in masses attached to substrate. 


Eggs tended by parents. 
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Mating in cephalopods 


CEPHALOPODS 


Include: squid, octopus, nautilus and cuttlefish 


-Considered most derived and advanced of the 
protostomes 


> Highly successful in oceans 


Structural complexity exceeds all other 
invertebrates 


SQUID 
^ Most successful of the cephalopods 


^ Have 8 fully suckered arms and 2 longer 
tentacles with spatulate suckered tips (octopi 
only have 8) 


^ Reduced shell 


^ Siphon is used for locomotion and can be 
moved forward or back to change direction 
quickly (jet propelled) 


^ Developed a camera-like eye similar in 
function to vertebrate eyes (NOT 
homologous) 


STRANGE SQUID EYES 


Architeuthis clarkei: the giant squid 


COCONUT OCTOPU 
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CHAMBERED NAUTILUS 
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CUTTLEFISH 


CLASS POLYPLACOPHORA 
Chitons 


Reduced head, flattened foot, shell consisting of eight dorsal valves, 
muscular mantle extends beyond margin of shell (figure 11.20) 


Feed on attached algae 
Ladderlike nervous system 


Dioecious with external fertilization 


CHITON VIDEO 


CLASS SCAPHOPODA 


Tusk shells 
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ANNELIDS AND ALLIED TAXA 


Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display. 


Ver 10M O U S 
fireworm with 
warning 


coloration 
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FIGURE 28.30 


openstax” 


(a) (b) (c) 


The (a) earthworm, (b) leech, and (c) featherduster are all annelids. (credit a: modification of 
work by S. Shepherd; credit b: modification of work by "Sarah G..."/Flickr; credit c: modification of work by Chris Gotschalk, 
NOAA) 


Ў Lophotrochozoa - continued 


Members have either a lophophore (a crown of ciliated tentacles) 
* Bryozoans 
* Brachiopods 
* Rotifers 


Or have a trochophore larval stage 
JANNELIDS Apical un 
= Molluscs 


* (Platyhelminthes (flatworms)) 


PHYLUM ANNELIDA 0 
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Lophotrochozoa 


Lophotrochozoans 


Common ancestry 


Rotifera 
Bryozoa 
Brachiopoda 
Mollusca 
Annelida 


with Molluscs 


Platyhelminthes 
Ecdysozoa 
Deuterostomia 


Current classification 


° Polychaetes 
° Earthworms and leeches 


Cnidaria and Ctenophora 


Lophotrochozoa 


Protostomia 


Radiata Bilateria 


Parazoa Eumetazoa 


WHAT'S IN AN ANNELID? 


Body segmented, bilaterally symmetrical, and worm-like 
opiral cleavage, trochophore larvae 

Paired epidermal setae (bristles of chitin) 

Closed circulatory system (dorsal and ventral blood vessels) 


Ventral nerve cord with ganglia 


Nephridia for excretory (liquid wastes) 


Respiration by diffusion with moist conditions 
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Tubifex sp. 
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DIVIDING THE BODY 


Annelids exhibit segmentation 
Bodies composed of serially repeated units 


* Each unit contains components of most organ systems 


Circular Epidermis Cuticle Dorsal vessel Mucous 、 
muscle | gland cell 
Longitudinal 55° 
muscle “уи 
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Chloragogen cells 


Intestinal SL 
epithelium E ( Nephridium 
Lateroneural Ventral Subneural Ventral 
vessel vessel vessel nerve cord 
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Endoderm Mesoderm 


Coelom 


* Septa are membranes of 
epithelial tissue that separate 
segments of annelid 

* Gut and longitudinal blood 
vessels extend through the 
septa Dorsal blood vessel 


Intestine 
Ventral nerve cord Ventral mesentery Septum 


Evolution of segmentation allowed much greater 
complexity in structure and function 


* Increased burrowing efficiency by permitting 
independent movement of segments (hydrostatic 
skeleton) 

* Evolution of a more sophisticated nervous system 


* Provided a safety factor 
° If one segment failed, others could still function 


CHARACTERISTICS 


e Irochophore is the ancestral ciliated larval form 


*Segmented worms living in marine, freshwater, 
and moist terrestrial habitats 


*Phylum Annelida includes polychaetes (marine 
bristle worms), leeches, and earthworms 
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PHYLUM ANNELIDA 


*About 15,000 species 
2/3 are the more obscure marine worms. 
° Setae 


—Tiny chitinous bristles called setae (Absent in leeches) 
—Short setae anchor segments while moving in the soil 
for earthworms 


* Prevent it from slipping backward, help prevent a worm from 
being pulled or washed out of its home 


—Long setae help aquatic worms swim or crawl 
—Hold marine worms in their burrows 
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PHYLUM ANNELIDA 


Phylogeny 


Traditionally, annelids are divided among 3 classes 


* Class Polychaeta 
* Class Oligochaeta 
* Class Hirudinida 


Now, 2 classes: 


* Class Polychaeta: Mobile Polychaetes, sedentary Polychaetes (tube 
worms) 


* Class Oligochaeta: Oligochaetes (earthworms), Hirudinida (leeches) 


PHYLUM ANNELIDA 


Polychaetes 
* Primarily marine and usually benthic (in the 
sand) 


* On ocean floor, under rocks & shells, 
crevices of coral reefs, burrows. 


* Parapodia usually the chief respiratory organ 
for polychaetes, although marine forms may 
also have gills 


Earthworms and leeches 


* Freshwaters, or terrestrial soils 


* Many leeches are bloodsuckers, 
others are carnivores (predators) 


Nereis virens with everted pharynx 


tentacles 


pharynx 


parapodia 
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PHYLUM ANNELIDA: 
EARTHWORM 


Body Plan — 
Body Wall E 


* Head is composed of j 
* Prostomium and mouth о a 


EL x. 
- MAR 
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e Surface is covered with an epidermis “ES 
and a thin outer layer of non-chitinous 


.— Male pore 


• Strong circular and longitudinal LE) 
muscles underlie the body wall, for tel 
swimming, crawling and burrowing. = 


cuticle 
EA 


PHYLUM ANNELIDA 


Coelom 


* Forms by schizocoely (protostome development) 


mesoderm 
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PHYLUM ANNELIDA 


Hydrostatic Skeleton 


* Except in leeches, coelom is filled with fluid and serves 
as a hydrostatic skeleton 


* Fluid volume remains constant 


* Contraction of longitudinal muscles 


* Causes body to shorten and expand 
* Contraction of circular muscles 
* Causes body to narrow and lengthen 
* Swimming annelids use undulatory movements 


OLIGOCHAETES (EARTHWORMS) 


Nutrition 


* Scavengers, feeding on decayed organic matter and bits of 
vegetation 


* Food moistened by mouth and drawn in by muscular pharynx 


* Digestive tract is unsegmented and extends the length of the 
earthworm (complete digestive tract) 


Seminal receptacle Genital openings Clitellum 
openings 
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nerve aortic arch vesicles muscle muscle 
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Lateroneural Ventral Subneural Ventral 
vessel vessel vessel nerve cord 


OLIGOCHAETES 


* Digestion and absorption occur in intestine 


* Typhlosole in intestines increases surface area for 
nutrient absorption 
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Figure 12.18 Earthworm cross 
section. 
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Dorsal blood vessel 


Muscular wall of 
intestine 


Nephridium 


Cuticle 


Setal retractor 
muscle 
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Gland cell 


OLIGOCHAETES 


Circulation and Respiration 
* Coelomic fluid and circulatory system transport food, wastes, 
and respiratory gases 


* Blood circulates in a closed system with five main trunks 
running lengthwise in the body 


* Dorsal vessel is the main pumping organ 


Excretion 
Most body segments have a pair of nephridia 


Ends at a bladder that empties outside at nephridiopore 
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OLIGOCHAETES 


Nervous System and Sense Organs 


* Pair of cerebral ganglia connect around the pharynx to the 
ganglia of the ventral nerve cord to form the brain 


* Fused ganglia in each segment 


* One or more giant axons located in ventral nerve cord 
increase rate of conduction 


INTERNAL ANATOMY OF AN EARTHWORM (lateral section) 


Wwe mouth cavity 


pharynx 


ventral nerve cord 
esophagus 


seminal receptacle 
lateral heart 


ventral blood vessel 


seminal vesicles — nephridium 


crop - 
dorsal blood vessel 


gizzard 


OLIGOCHAETES 


* Earthworms are hermaphroditic 

* Mate at night during warm, moist weather 

* Aligning in opposite directions, ventral surfaces together 

* Mucus secreted by clitellum holds worms together 

* After mutual copulation, each worm secretes a mucus tube and 


chitinous band to form a cocoon 


* Cocoon passes forward and eggs, albumin, and sperm are 
poured into it 


* Fertilization occurs in cocoon-Cocoon slides off head end and 
closes 


* Young worms emerge from cocoon 


EARTHWORM MATING 


Any two earthworms can mate by joining 
together and fertilizing each other's eggs 


Later, a tube of mucus secreted by the clitellum 
forms an egg case, which slips off the worm's body. 


k 


. * Matingedrthworms = ` -< A 


Young worms hatch out into the soil. : 2 
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Giant earthworm - Australia 


POLYCHAETES 


Diversity 

Largest group of annelids 

More than 10,000 species, mostly marine 
Vary from 5 to 10 cm long 

Some live in crevices, others inhabit tubes 


Sedentary polychaetes mainly tube-living, eat organic 
particles floating in sea water 


Predatory or scavenging polychaetes may be free- 
moving, burrowing, or crawling 


Important part of marine food chains 
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ERRANT POLYCHAETE 


BOBBIT WORM - CAN GET TO 20 FT LONG 


Late stage polychaete trocophore 
larva 


POLYCHAETES 
Well-differentiated head with sense organs 


Prostomium (1% segment) often bears eyes, tentacles, and 
sensory palps 


" Surrounds mouth, which may have setae, and/or chitinous 
jaws 


Nereis virens with everted pharynx 


direction of 
water flow 


parapodia 
www.bumblebee.org 


POLYCHAETES 


Paired appendages called parapodia on most segments 


Many setae arranged in bundles on parapodia 


* Parapodia used for crawling, swimming, or anchoring in tubes 


* Usually the chief respiratory organ although the worm may also 
possess gills 


POLYCHAETES 


Tubeworms 


* Tube-dwellers 
* May line their burrows with mucus 
* Use cilia or mucus to obtain food 


Fanworms 


* Unfurl tentacular crowns to feed 


* Food moved from fan to mouth by ciliary action in a sac to help 
build tube 


* Store sand grains 
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Arenicola - lugworm 


The lugworm Arenicola 


Sand falling into shaft 


Proboscis 


Water movement 
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Lugworm casts 


By Original uploader was Nveitch at en.wikipedia - Transferred from en.wikipedia, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=4081034 
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FAMILY HIRUDINIDAE 


| eeches 


—Anterior and posterior suckers 


—Most freshwater, few marine or live in moist terrestrial 
environments 


— Colors: black, brown, red, and olive green 
—Lack distinct coelomic compartments 


* No septa 
—No setae 
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Photograph by T. Branning 


FAMILY HIRUDINIDAE 


Nutrition 


* Not all are parasites, many are predaceous, feeding on small 
invertebrates 


* Freshwater leeches have a proboscis for ingesting small 
invertebrates as well as to suck blood or pharynx with 3 jaws 
armed with teeth 

* Most are fluid feeders that prefer tissue fluids and blood pumped 
from open wounds 

* anticoagulant and narcotic in their saliva 


* Gut specialized for storage and digestion of large quantities of 
blood- 


Figure 12.20 Internal Structure of a 


Leech К Copyright € McGraw-Hill Education. Permission required for reproduction or display. 
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Leech locomotion. 
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MEDICINAL LEECHES 


Medical Science Opens Up a Can of 
Worms With Leech Therapy : Health: 
Doctors use the parasite to promote 
blood circulation in patients who have 
had severed fingers, eyelids, ears or 
other extremities surgically reattached. 


Biopharm 


Biopharm web page 


2 Biopharm Leeches 


y Suppliers of leeches since 1812 


HOME 


Я Biopharm Leeches Ltd 


About us 1,395 likes 
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WHAT'S IN AN ANNELID? SUMMARY 


. Body segmented, bilaterally symmetrical, and worm-like 


. Spiral cleavage (Protostome development), trochophore 
larvae 


3. Paired epidermal setae (bristles of chitin) 


4. Closed circulatory system with pseudohearts and dorsal & 
ventral blood vessels 


5. Ventral nerve cord with ganglia 
6. Nephridia for excretory (liquid wastes) 


/. Respiration by diffusion with moist conditions 
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Extant phyla of kingdom Animalia [hide] 
Domain: Archaea , Bacteria - Eukaryota - (Supergroup: Plant · Hacrobia , Heterokont · Alveolata - Rhizaria - Excavata - Amoebozoa · Opisthokonta (Animal - Fungi) 


Basal / incertae sedis Porifera (sponges) - Ctenophora (comb jellies) - Placozoa (Trichoplax) + Mesozoans (Orthonectida - Dicyemida or Rhombozoa) 


Cnidaria (jellyfish and relatives) 
Xenacoelomorpha Xenoturbellida (Xenoturbella) · Acoelomorpha (Acoels + Nemertodermatids) 


Chordata (lancelets · tunicates · craniates / vertebrates) 


Deuterostomia 
Ambulacraria Echinodermata (starfish and relatives) - Hemichordata (Acorn worms ' Pterobranchs) 


P 
1 B Basal / incertae sedis Chaetognatha (arrow worms) 
a 
т : и Р Scalidophora Kinorhyncha (mud dragons)  Priapulida (penis worms) · Loricifera 
a 
И + R b Ecdysozoa Nematoida Nematoda (roundworms) - Nematomorpha (horsehair worms) 
eu E EE 
2 | o о Panarthropoda Arthropoda (arthropods) - Tardigrada (waterbears) + Onychophora (velvet worms) 
zu re 
E a o t Gnathifera Gnathostomulida (jaw worms) + Micrognathozoa (Limnognathia) + Syndermata (Rotifera + Acanthocephala) + Cycliophora (Symbion) 
а о 
ү} "— Rouphozoa Platyhelminthes (flatworms) - Gastrotricha (hairybacks) 
ra 
- Platytrochozoa Lophophorata Bryozoa (moss animals) - Brachiozoa (Brachiopoda or lamp shells - Phoronida or horseshoe worms) 
Lophotrochozoa 
Other clades Annelida (ringed worms) - Mollusca (molluscs) - Nemertea (ribbon worms) · Entoprocta (Kamptozoa) 
Major grou Sponges (Calcareous - Hexactinellid - Demosponge + Homoscleromorpha) + Cnidarians (Anthozoa inc. corals + Medusozoa inc. jellyfish - Myxozoa) · Vertebrates (Jawless fish ' Cartilaginous fish + Bony fish + Amphibians - Reptiles + Birds + Mammals) + 
m d Echinoderms (Sea lilies - Asterozoa inc. starfish - Echinozoa) - Nematodes (Chromadorea · Enoplea · Secernentea) · Arthropods (Chelicerates/Arachnids + Myriapods * Crustaceans - Hexapods/Insects) + Platyhelminths (Turbellaria - Trematoda - 


Monogenea - Cestoda) - Annelids (Polychaetes · Clitellata - Echiura) - Molluscs (Gastropods - Cephalopods · Bivalves - Chitons · Tusk shells) 
Phyla with 25000 extant species bolded - See also: Parazoa and Eumetazoa; Radiata; Platyzoa; Monoblastozoa (nomen dubium) 


Lophotrochozoa 


Members have either a lophophore (a crown of ciliated tentacles) 
_IBryozoans 
Brachiopods 
J Rotifers 


Or have a trochophore larval stage 
J Annelids 
-lMolluscs 


Ч Platyhelminthes (flatworms) share 18sRNA with the lophophorates, 
and some have cilia in the pharynx for feeding 


Porifera 


Mutticellular 
| Cnidaria 
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Loph Platyhelminthes 


Annelida 
Protostome 
development 


і Mollusca 
True tissues 


Ecdy ` Nematoda 


Arthropoda 


Notochord 
Deuterostome е 
Bilateral development ordata 
symmetry 


Echinodermata 


LOPHOTROCHOZOA 


Trochophore larva and lophophore ciliated feeding tentacles. 


Flatworms share 18SRNA with lophophorates and some have feeding 
cilia. 


CHARACTERISTICS OF 
LOPHOTROCHOZOANS 


1. 


Triploblastic 


a) Mesoderm between endoderm and ectoderm 
Protostomes 


a) Schizocoely 
0) Mouth first 
Bilateral symmetry 


Cephalization 


Trochophore larvae or lophophore feeding structure 


GENERAL FEATURES 


Animals that actively seek food, shelter, home sites, and mates 
require a different set of strategies and body organization than 
sessile organisms 


Two major evolutionary advances in animal evolution: 


* Cephalization 
* Concentrating sense organs in the head region 


* Primary bilateral symmetry 


* Body can be divided along only 1 plane of symmetry to yield 2 mirror 
images of each other 


* “Worm” - an elongated body form with anterior (head), posterior (head), 
dorsal, and ventral sides 


FLATWORMS 
These are the simplest animals with primary 
bilateral symmetry and cephalization 


Triploblastic and acoelomate, with ectoderm, 
mesoderm, endoderm 


oome are highly specialized parasites, others free- 
living and predatory 


FIGURE 28.14 FLATWORM GROUPS 


(b) Class Monogenea 


(c) Class Trematoda (d) Class Cestoda 


Phylum Platyhelminthes is divided into four classes. 
(a) (Class) Turbellaria includes the Bedford's flatworm (Pseudobiceros bedfordi), which is about 8-10 cm in length. 


(b) The parasitic class Monogenea includes Dactylogyrus spp, commonly called a gill fluke, is about 0.2 mm in length and has 
two anchors, indicated by arrows, that it uses to latch onto the gills of host fish. 


(c) The Trematoda class includes Fascioloides magna (right) and Fasciaola hepatica (two specimens of left, also known as the 
common liver fluke). 


(d) Class Cestoda includes tapeworms such as this Taenia saginata. which infects both cattle and humans, and can reach 4— 
10 meters in length. (credit a: modification of work by Jan Derk; credit d: modification of work by CDC) 


Cnidarians and Ctenophores'^! 


Platyhelminthes (including flatworms)" Моге "advanced" bilaterians'?! 


Bilateral symmetry 


No 


Number of main cell layers 


Two, with jelly-like layer between them 


Distinct brain 


No 


Specialized digestive system 


No 


Specialized excretory system 


No 


Body cavity containing internal organs 
Specialized circulatory and respiratory organs 


PHYLUM PLATYHELMINTHES 


* Primitive NERVOUS and EXCRETORY (protonephridia and FLAME 
CELLS) systems: no circulatory, respiratory or skeletal systems. 


* Highly developed reproductive system in parasitic forms: genital 
openings often on the ventral surface. Most are MONOECIOUS, a few 


are DIOECIOUS. 
* Well developed MUSCULAR system 


FIGURE 28.13 DIGESTIVE, EXCRETORY, NERVOUS 


Transverse 


Cerebral ganglia 


Longitudinal nerve cords 


Nucleus 


Flame cell 


Excretory pore 


The planarian is a flatworm that has a gastrovascular cavity with one 
opening that serves as both mouth and anus. The "excretory" system 
is made up of tubules connected to excretory pores on both sides of 
the body. The nervous system is composed of two nerve cords 
running the length of the body, with cerebral ganglia and eyespots at 
the anterior (head) end. 


SENSE ORGANS 


Active locomotion favored cephalization and 
evolution of sense organs 


Ocelli (light-sensitive eyespots) 
* Present in turbellarians and larval trematodes 
Touch sensitive and chemical sensitive cells 


* Abundant, especially in the ear-shaped auricles 
Sensory nerve endings found in 


* Oral suckers and genital pores of parasitic groups 


PHYLUM PLATYHELMINTHES 
Characteristics 
"Vary from a millimeter to many meters in length 


Е Мапу free-living marine forms are colorful and 
predatory 
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GENERAL FEATURES 


Triploblastic animals can be acoelomate, pseudocoelomate, or true 
coelomate 


Acoelomates (flatworms) 
* Typical acoelomates have only one internal space, the digestive 


cavity 
* Region between the epidermis and digestive cavity is filled 


mesodermal tissue 
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(CLASS) TURBELLARIA 


* Mostly free-living forms 
* Most are bottom dwellers in marine or freshwater 
* Freshwater planarians 
* Found in streams, pools, and hot springs 
* Terrestrial flatworms limited to moist places 
Arrowhead flatworm 


. Planaria 


They are carnivorous and eat 
things like small fish, 
tunicates, small crustaceans, 
worms, clams, and molluscs. 
Some even eat algae and 
some feed on dead 
organisms instead of alive 
ones. Most species of marine 
flatworms have specialized 
diets. In addition, some 
flatworm species form a 
symbiotic relationship with 
algae, in which the algae live 
inside the worm and 
photosynthesize, producing 
sugar for the flatworm to use 
as energy. 


https://www.scuba.com/blog/explore-the- 
blue/marine-flatworms/ 
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CLASS TURBELLARIA MOVEMENT 


PHYLUM PLATYHELMINTHES 


(Class) Turbellaria 


“Range from 5 mm to 50 cm long 
* Ventral mouth and pharynx that is half-way down the body 
* Some have simple gut or no gut and a simple pharynx with cilia 
@ Others have branched gut/intestine with an eversible pharynx 
@ Flame cells 


No respiratory 

organs or true 

excretory CA 
organs. How do | 
they do it? : 


CLASS TURBELLARIA 


Epidermis and Muscles 
* Most have cilia on ventral side, attached to epidermis 
Ħ Glide over a slime track secreted by 


adhesive glands 
* Rhythmical muscular waves pass backward from the head 


BIODIDAC €, J. Houseman 
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FEEDING 


™Planaria 


“Carnivorous and detect food by chemoreceptors 
“Food trapped in mucous secretions from glands 
“Wrap themselves around prey 

“Extend the proboscis to suck up bits of food 


REPRODUCTION AND 
REGENERATION 


Fission 
* Many turbellarians constrict behind the 
pharynx and separate into two animals 
* Each half regenerates the missing parts 
* Provides for rapid population growth 


Regeneration 


° If the head and tail are cut off 
* Each end grows the missing part; it retains 
polarity 
* Extract of heads added to a culture of 
headless worms prevents regeneration 
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These monecious flatworms reproduce sexually by "penis-fencing". Each tries 
to stab the other with its penises. The successful one releases sperm into the 


“loser”, who then must develop eggs and care for them internally until the eggs 
hatch. 


CLASS MONOGENEA 


Monogenea on fish gills Oe 


D. PARADOXUM, A CLASS MONOGENEA FLATWORM 


Diplozoon paradoxum are hermaphroditic flatworms that live on gills of 
freshwater fishes. Males and females meet each other during their juvenile 
stage, and their bodies completely fuse together, whereupon they remain faithful 
until death," Dr. Barash said. Once the two worms have fused together cross- 
fertilization can be permitted. "That's the only species | know of in which there 
seems to be 100 percent monogamy." 


PHYLUM PLATYHELMINTHES 


Class Trematoda 
“All trematodes are parasites called “flukes” 
“Most adults are endoparasites of vertebrates 


| 


1151 


The major group of асе have at 2 or more hosts іп 
their life cycle. (Digenea) 


Most complex life cycles in the animal kingdom. 


CLASS TREMATODA (FLUKES) 


8 Agaptations for parasitism include: 


"Penetration glands (to get into hosts) 


E Glands also secrete a cuticle to 
prevent digestion by host. 


Ш Hooks and suckers for adhesion 


* Increased reproductive capacity 
(body mostly reproductive organs) 


CLASS TREMATODA (FLUKES) 


Nutrition and Digestion 


Mouth of trematodes (flukes) 


* Opens near the anterior end (“head” end) 
* Pharynx is not extensible 


Ventral Uterus Vitellaria Ovary Seminal Anterior 
Intestine sucker receptacle testis Bladder 


Excretory 
pore 


Posterior 
testis 


Pharyngeal Excretory Seminal Vas Viteline Laurer’s Sperm 
muscle tube Gonopore vesicle deferens duct canal duct 
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CLASS TREMATODA (FLUKES) 


е a feed on host cells, cellular debris, and body 
uids 


* Undigested food regurgitated out of its pharynx 


DIGENEAN LIFE HISTORY STAGES 


MIRACIDIUM (CILIATED) — in mollusc or annelid 
SPOROCYST 

REDIA 

CERCARIA 

METACERCARIA 

ADULT 


CLASS TREMATODA 
Sheep Liver Fluke 


Adult fluke lives in bile passageways in the liver of 
sheep and other ruminants. 


Eggs are pass out in feces 


Eggs hatch and miracidium larvae penetrate snails 
to become "sporocysts" (clones of the larvae) 


Next stage (cercaria larvae) hatch and swim to 
vegetation. 

* Encyst on vegetation and await being eaten by sheep 
When eaten, develop into young flukes 


CLASS TREMATODA (FLUKES) 


Clonorchis sinensis: Human Liver Fluke 

Most important human liver fluke 

Common in China, Japan, and Southeast Asia 
Also infects cats, dogs, and pigs 


Adult fluke is 10—20 mm long with an oral and 
ventral sucker 


Digestive system includes pharynx, esophagus, and 
two long intestinal ceca 


oral 
sucker 


ventral 
sucker 


CLASS TREMATODA (FLUKES) a 


Clonorchis Life Cycle 


“Adults live in bile passageways of humans and other fish- 
eating mammals 


“Eggs are shed into water with feces 


The eggs hatch, larva swims, and burrows into snail. 
Transforms into a sporocyst 


@Sporocyst clonally produces one generation of clonal 
individuals (redia) 


CLASS TREMATODA 


Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display. 


Life cycle of 
v" 


= => 
Metacercarial 


cysts in fish 


muscle Adult fluke 


vo Egg containing 


miracidium 


a E Sy 4 \__/ Miracidium hatches 
= i D after being eaten by 
Cercaria ( snail 
“эх ES? 
Redia Sporocyst 


CLASS TREMATODA 


“Clones pass into the snail liver 
™Develop into tadpole-like swimming cercaria larvae 
“Swimming larvae escape into water 


* Make contact with a fish 
8 Bore into fish muscles or under scales 
"Shed tail and encysts 


A mammal eats raw fish 
“Cyst dissolves and flukes migrate up bile duct 


@ Heavy infection can destroy the liver and result in 
death 


“Control of parasites 
Destroy snails and thoroughly cook fish 


CLASS TREMATODA 


Schistosoma: Blood Flukes 


Over 200 million people infested with 
schistosomiasis 


° Common in Africa, South America, West Indies, and the 
Middle and Far East 


Sexes are separate 


3 species account for most human schistosomiasis: 
Human to snail to human, penetrate skin 
Live in abdominal veins 


@ Mature flukes live in the blood 
vessels of the human intestine. 
A female fluke fits into a groove 
running the length of the larger 
male's body, as 
shown in the 
LM at right. Female 


©) These larvae 
penetrate the skin 


and blood vessels Ө is 


of humans 

working in reproduce sexually 
fields irrigated in the human host. 
with water The fertilized eggs 
contaminated exit the host in 
with fluke feces. 


larvae. 


© If the human 
feces reach a 
pond or other 

source of water, 


O) Asexual the eggs develop 
reproduction into ciliated larvae. 
within a snail е These larvae infect 
results in another Snail host snails, the 
type of motile larva, intermediate host. 


which escapes from 
the snail host. 
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SCHISTOSOMIASIS 
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SCHISTOSOMIASIS 
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CLASS TREMATODA 


Other Trematodes 


Leucochloridium 


* Produces remarkably colorful sporocysts in snails’ 
heads 

* Tentacles pulse to attracts birds to eat snails and 
continue the life cycle 


Malaria 
Schistosomiasis 
Lymphatie Filariasis 


African Trypanosomiasis 
(Sleeping sickness) 


Dracunculiasis 
(Guinea worm) 


Laishmaniasis 


Onchocerciasis 
(River blindness) 


American Trypanosomiasis 
(Chagas disease} 


Dengue 


Yellow Fever 


1. Top three entries are lation-prorated projections, based on 1989 estimates, 
ie ee 


3. Michael and Bundy, 1995. 
4. WHO, 1984. 


Vector Population at risk 


(milion 


Mosquito 
Water snail 600 


Mosquito 


2400 


Tsetse fly 


Crustacean 
(Copepod) 


Phlebotomine 
sand fly 


Black fly 
Triatomine bug 
Mosquito 
Mosquito 


5. Ranque, personal communication. 
6. Annual incidence of visceral leishmaniasis; annual incidence of cutaneous leishmaniasis is 1-1.5 million casesfyr (PAHO, 1994). 


7. WHO, 1995 


Source: Climate change 1985, Impacts, adaptations and mitigation of climate change: selentfic-tachnksl analyses, conti butan of working group 2 lo tha second assessment report of the Intengavemimental panal 


em dinale change, UNEP and WMO, Cambridge press university, 1806. 


Number of people currently 


infected or new cases per year 


300-500 million 
¿00 million 
117 million 


250 O00 ta 300 000 
Cases per year 


100 QUO par year 


12 million infected, 
500 000 new cases per year" 


17.5 million 
18 million 
10-30 million par year 


more than 5 000 cases 
per year 


Tropical South America 
Africa 


Present distribution 


Tropics and Subtropics E 


Tropics and Subtropics p 


Tropical Africa 


South Asia, 
Arabian Peninsula, 
Central-West Africa 


Asia, Southern Europe 
Africa, Americas 


Africa, Latin America 


Central and South America 


All Tropical countries 


O Highly likely Ig Verylikely 8 Likely D Unknown 
СІ (9) 
Arendal ower 

ARCHE BEN PHUPRE ВЕНАГА 


Lil of altered 
sinbulion | 


Tropics and Subtraples D. 


Protozoan 

Trematode 
Nematode 

Protozoan 

Nematode 

Protozoan 

Nematode 
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Virus 
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A PLATYHELMINTHES 


Class Cestoda — 
"Tapeworms have long flat bodies with scolex 
“with suckers and hooks 

E Scolex is followed by a series of reproductive 
units or proglottids 
No digestive system 


° Rely on the host's digestive tract 
* Absorb digested nutrients 


Lack sensory organs 


TAPEWORMS 


Getting d 


Tapeworm - 
ze 


FIGURE 28.15 


openstax” 


[4] Embryos develop into 
larvae in muscle. 
— 


Q Humans are infected by ingesting 


Embryos penetrate > raw or undercooked meat. 
the intestinal wall 

and circulate to 

musculature. 


9 


T. saginata Т. solium 


ої? 7 


Scolex attaches to intestine. 


Cattle (T. saginata) and pigs (T. solium) 
become infected by ingesting vegetation 
contaminated by eggs or proglottids. 


Q Proglottids form. ES 


Eggs and proglottids in feces 
are passed into the environment. 


Tapeworm (Taenia spp.) infections occur when humans consume raw or undercooked 
infected meat. (credit: modification of work by CDC) 


— geri propolis ae uterus and d d E 


der Iw 
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Proglottids with 

reproductive 

structures 100 um 
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CLASS CESTODA 


“Nearly all cestodes require two hosts 


“Adult is parasitic in the digestive tract of the 
vertebrate 


“Over 1000 species of tapeworms known, 


infecting almost all vertebrates 
Most tapeworms do little harm to host 


DOG FLEA TAPEWORM 


ODPDx Dipylidium caninum paa 


o Definitive host is infected by ingesting fleas 


Flea larvae mature into containing cysticercoids. 
adult fleas, which continue 2 
to harbor infective 


: ; Incidental human 
cysticercoids. 


transmission via ingestion 
of infected fleas. 


Cats and dogs 
can harbor fleas 
infectious to 
humans. 


Oncosphere Cysticercoid 


Ө Larvae of the typical flea 

intermediate host ingests 

egg packets. Oncospheres 

hatch and develop into a Gravid proglottids are 

cysticercoids. a passed intact in the feces 

¿$ or emerge from perianal 

region of either animal 
or human hosts. 


Adult in 
small intestine 


va Infective stage 
a 


The proglottids disintegrate 4 G Diagnostic stage 


and release the egg packets. = 


CLASS CESTODA 


Beef Tapeworm 


“Lives as an adult in the digestive tract of 
humans 


* Juvenile form found in intermuscular tissue of 
cattle 


Mature adults can reach over 10 meters 
(32.5 feet) in length with over 2000 proglottids 


Cysticercus 
eaten by human 
in rare beef 


Evaginated 
„7  cysticerus in 
4 upper intestine 


Undercooked meat with 
living cysticercus 


Excretory canal 


: Y Gravid 
Invaginated Nerve cord — proglottid 


cysticercus Testes 


Uterus Spermduct Sperm 


Cysts in muscle 
(“measly beef") 


Grass, contaminated with 
eggs, ingested by cow 


Excretory 
canal 


Sperm 
duct 


Genital 
pore 
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Testes 


Uterus 


Ovary 
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CLASS CESTODA 


Pork Tapeworm 


Adults live in small intestine of humans 
Juveniles live in muscles of pigs 


Cysticercosis commonly occurs in eyes or the brain: 
blindness, epilepsy or death, if you swallow the eggs 
directly, rather than the cysts (oncospheres ). 


Infection can be avoided by eating thoroughly cooked 
pork 


Ad oncospheres develop 
inta cysticerci in muscle 


[4] Humans infected by ingesting 


Oncospheres hatch, raw of undercooked mféected meat 


penetrate intestinal 
wall, and circulate 
lo musculature 


Cattle (T. валаа) and pigs (T. solum) 
become infected by ingesting vegetation 
contaminated by eggs or gravid proglotlids 


yy 
F. 
cu 


О aus in small intestine 


ri Infective Stage 
A: Diagnostic Stage 


Eggs or gravid proglottids in feces 
and passed into environment 


Taenia solium, the pork tapeworm 


Taenia solium 


Cerebral cysticercosis 


Cerebral 
CySLICercosis, 
(neurocysticercosi 
s) caused by T. 


CLASS CESTODA 


Fish Tapeworm 
“Adults found in intestines of humans, dogs, 
cats and other mammals 


*|mmature stages found in crustaceans and 
fish 


“Largest parasite of humans, usually about 30 
feet, but possibly reaching up to 20 meters (65 
feet) in length 
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REVIEW OF ANIMAL PHYLOGENY 


Porifera 
Cnidaria and 
Ctenophora 


Ancestral colonial 
choanoflagellate 
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CNIDARIANS: HYDROZOANS (TOP LEFT), JELLY (TOP RIGHT), SEA ANEMONE (BOTTOM LEFT), CORAL POLYPS 
(BOTTOM RIGHT) 


PHYLUM CNIDARIA 


Four classes of Cnidaria 


* Hydrozoa 
* Scyphozoa 
* Cubozoa 
* Anthozoa 


Cnidaria 


Box Jelly Moon Jelly Hort gue 


Purple Jelly 


PHYLUM CNIDARIA CHARACTERISTICS 


"All are aquatic and mostly marine 
"Radial Symmetry 


* No head: oral/aboral 
S Two body types 


“Free-swimming medusa 


“Sessile polyps | 
@Diploblastic (2 body tissue liver 


“Epidermis and gastrodermis 


@Mesoglea= "jelly": matrix that lies between epidermis and 
gastrodermis 


* Made of mostly water with collagen protein and some other 
proteins and carbohydrates 


"Cnidocytes contain nematocysts 


@Hairlike trigger - cnidocil 
"Some are sticky, others sting 
@ Simple muscles and nerves 


“Not true muscles (not of mesodermal origin) 
E Reproduction both asexual and sexual (note PLANULA larvae) 


First animal clade with true tissues 


Gastrovascular cavity for extracellular digestion 
-lAllows ingestion of larger food particles 
Advance over sponge's intracellular digestion 


True nerve cells arranged in nerve net 
Мо central control organ — i.e. no cerebral ganglion or brain 
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POLYP AND MEDUSA FORMS OF CNIDARIANS 


Mouth/anus 
Polyp Vs Tentacle Medusa 


DAL 


Gastrovascular 
cavity 


Gastrodermis 
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Mouth/anus 


(a) Sea anemone: a polyp (b) Jelly: a medusa 
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PHYLUM CNIDARIA 


"Incomplete gut: — 
heaped bane al cavity (mouth 
ut no anus) 


"Tentacles usually encircle 
mouth or oral region 


SI Muscular contractions by 
specialized epithelial cells 


External surface 
of body 


Epitheliomuscular 
cell 


Neurosensory 
cell 
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cell base containing > NDS) f | || | Sclerosepta gg 4 
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PHYLUM CNIDARIA 
Nerve net 
* Simple nervous system 
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Cnidaria: hydra (also jellyfish, corals, and anemones) 


Tentacles 


Two layers of 
body wall 


Hydra 


Nerve net: diffusely 
distributed network of 
neurons 


PHYLUM CNIDARIA 


Many cnidarians are effective ae 
predators S 


“Possible due to presence of a 
unique cell type, the cnidocyte 


shat 
capsule body 


™Cnidoctyes 


™Produces one of over 20 types of 
stinging organelles: nematocysts 


@- 7. stenotele 
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PHYLUM CNIDARIA 


Nematocyts 
* Tiny capsules made of chitin-like material and 
containing a coiled filament 
* Filament may have tiny barbs or spines 
* Some secrete an adhesive 
* Touch causes nematocyst to discharge 


* Nematocyst animation 


Mechanism of 
Nematocyst Discharge 


When stimulated, 
water rushes into 
the cnidocyte 
capsule 


It opens, and 
nematocyst 
discharges 


Barbs inject poison 
into prey 


FIGURE 15.10 
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Animals from the phylum Cnidaria have stinging cells called cnidocytes. Cnidocytes 
contain large organelles called (a) nematocysts that store a coiled thread and barb. 
When hairlike projections on the cell surface are touched, (b) the thread, barb, and a 
toxin are fired from the organelle. 


A CNIDOCYTE OF A HYDRA 


Nematocyst 


Coiled 
Él thread 


Discharge 
of thread 


Cnidocyte 
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Table 33.1 Main Classes and Characteristics 
of the Cnidaria 


Class and examples 
(est. * of species) Class characteristics 


Hydrozoa: Obelia, Portuguese Mostly marine; polyp stage 

man-of-war, Hydra, some usually dominant and 

corals (2,700) colonial, reduced medusa 
stage 


Scyphozoa: jellyfish (200) All marine; medusa stage 


dominant and large (up to 
2 m); reduced polyp stage 


Anthozoa: sea anemones, sea All marine; polyp stage 
fans, most corals (6,000) dominant; medusa stage 
absent; many are colonial 


Cubozoa: box jellies, sea wasps All marine; medusa stage 
(20) dominant; box-shaped 


FIGURE 28.12 CLASS HYDROZOA 


openstax" 


(b) Physalia physalis (Portuguese Man O' War) 


(c) Velella bae 


(a) Obelia, (b) Physalia physalis, known as the Portuguese Man O' War, (c) Velella bae, 
and (d) Hydra have different body shapes but all belong to the family Hydrozoa. (credit b: 


modification of work by NOAA; scale-bar data from Matt Russell) 


PHYLUM CNIDARIA 
Class Hydrozoa 
Most are marine and colonial with both polyp and 


medusa forms 
* Hydra is not typical (No medusa form) 


Colonial Obelia 
* Typical hydroid has a base, a stalk, and one or more 
individual polyp animals on "branches" which form 
feeding and reproductive structures. 


The life cycle of the hydrozoan Obelia 


Perisarc 
Hydranth 


Mouth 


Hypostome 
Hydrotheca “ha > Tentacles 


Gonotheca 


Gonangium 


Obelia 
colony 


Settles down to 
start new colony 


Blastula 


Free-swimming 
planula larva 


HYDROZOAN DIVERSITY 


CLASS HYDROZOAN 
Hydra 


* Found on the underside of aquatic leaves and lily pads in fresh 
water 


* Worldwide distribution (16 species in North America) 
* Body is a cylindrical tube 
* Aboral end has a basal or pedal disc for attachment 


* Ring of 6-10 hollow tentacles encircles mouth 


CLASS HYDROZOAN 


“The mouth opens to a gastrovascular 
cavity 

“Buds may project from the side, each 
develop a mouth and tentacles 

@Hydras feed on a variety of small 
crustaceans, insect larvae, and worms 


“Food organisms brush against the 
tentacles are captured by 
nematocysts 


™Separate sexes (dioecious) 
E Asexual budding 


Smal | 
crustac 
Daph ia 
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PHYLUM CNIDARIA 
Class Scyphozoa 


Most of the larger jellyfishes belong to this class 
Nearly all float in open sea 


Bells vary in shape and size 
* Composed mostly of mesoglea 


Mesoglea contains amoeboid cells and fibers 


Figure 9.16 Aurelia life history. 
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SCYPHOZOAN DIVERSITY 


Cyanea 


oexes are 
Gonads found in the gastric 
pouch of the female 


— Zygote develops into a 
Aurelia (moon jelly) cited 


PURPLE STRIPED JELLY, PELAGIA PANOPYRA 
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LION'S MANE JELLYFISH 


PHYLUM CNIDARIA 


Class Cubozoa 


"Umbrella is square 
One or more tentacles extend from each corner 
"Strong swimmers 


“Feed mostly on fish in nearshore areas 


"The sea wasp (box jelly) 


“Potentially fatal sea wasp from Australia, heart 
failure and death in minutes. Most potent venom 
of all sea creatures. 


FIGURE 15.14 
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A box jelly is an example from class Cubozoa. 


FIGURE 28.11 
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(a) (c) 


The (a) tiny cubazoan jelly Malo kingi is thimble shaped and, like all cubozoan jellies, (b) has four muscular pedalia to 
which the tentacles attach. M. kingi is one of two species of jellies known to cause Irukandji syndrome, a condition 
characterized by excruciating muscle pain, vomiting, increased heart rate, and psychological symptoms. Two people in 
Australia, where Ігикапајі jellies are most commonly found, are believed to have died from Irukandji stings. (c) A sign 
on a beach in northern Australia warns swimmers of the danger. (credit c: modification of work by Peter Shanks) 


Only a few jellyfish (box jellyfish) and the Portuguese man-of-war 
can seriously harm humans. 


Box jellyfish ("sea wasps”) have most powerful venom in the 
animal kingdom, affecting heart, nervous system and skin. Death 
by drowning of shock or heart attack is possible. 


Found in Northern Australia in coastal waters. Most advanced 
jellyfish with clusters of 6 eyes on each side of the bell, with 
retina, iris and cornea (but no central nervous system!) 
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OCELLI OF BOX JELLY 


Upper lens 
eye 


Lower lens 
eye 


PHYLUM CNIDARIA 
Class Anthozoa 
Sea anemones and corals 


No medusa stage 
All marine, in both deep and shallow water, and 


vary in size 


Fighting Anemones 


ANTHOZOA - “flower animals” — 


no medusa stage 


SEA ANEMONES 


CORAL POLYPS 


CLASS ANTHOZOA 


Sea Anemones 


“Polyps larger and heavier than 
hydrozoan polyps 


“Attach to shells, rocks, timber, etc. by 


pedal discs 
S Venus flytrap anemone 


VENUS FLYTRAP ANEMONE 


Figure 9.19 Class Anthozoa. 
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CLASS ANTHOZOA 


"When in danger, water rapidly expelled through pores 
as the anemone contracts to a small size 


Most anemones can glide slowly on pedal discs 
"Some can swim with limited ability 


Sea anemone escape from 
starfish 


O R. Harbo 
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CLASS ANTHOZOA 


“Most harbor symbiotic algae 


"Some have a mutualistic relationship 
with hermit crabs or clown fish 


CLASS ANTHOZOA 
Reproduction 


e Sexual — Some dioecious (male and female 
separate), some monoecious (hermaphrodites) 


* Asexual - Small pieces of pedal disc break 
off and regenerate a small anemone 
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One coral 
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MYXOZOAN PARASITIC 
JELLYFISH RELATIVE IN 
YELLOWSTONE 


Parasitic jellyfish? A jellyfish ancestor that has reduced itself to a 
parasitic lifestyle with a body of only a small number of cells. 


Microscopic, they infect fish like the mountain whitefish and trout, 
causing kidney disease. 


Some attack the spinal cartilage and nerves. Whirling disease 
makes fish swim in swirling corkscrew, or in circles chasing their 
tails. Can't eat like this or get away from predators, so they starve 


or get eaten. P | 
ЖА 


Cnidaria 
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Trachyline-like | aNs Other 
hydrozoa Hydroids Man-o-war hydrozoa 


£> | 
Complex eyes 
Strobilation Velarium 
Gut with septal a 
filaments Boxlike Polyp lost 
medusa body 


Siphonoglyph 


Creeping planula Rhopalium 
without cilia Polyp reduced 
or lost 


Velum in medusae 
Anthozoan 


pharynx Medusae produced by lateral 
budding and enntocodon 


Hexaradial and 
octaradial symmetry Medusoid body form 


Motor nerve net 
Primary polyp tentacles hollow 


Mouth surrounded by solid tentacles 
Planula larva 
Cnidocytes 
Radial, polypoid body form 


PHYLUM CTENOPHORA - 100 species 


CHARACTERISTICS — Similar to cnidarians, 
EXCEPT 


they have no nematocysts, 


have 8 rows of comb-like plates of modified cilia for 


locomotion, and 


have no sessile polyp stages 


Beroe 


2 


bia 
ay 
lll =ч 


3 
An 
y 


Pleurobrachia 


A CTENOPHORE, OR COMB JELLY 


SEA GOOSEBERRY, PLEUROBRACHIA PILEUS 


PHYLUM CTENOPHORA 
Comb jellies 


Less than 100 species – all marine and look like jellyfish 


First complete gut — mouth and anus (ctenophore eating) 


Eight rows of cilia on surface beat for propulsion 
-lLargest animals to use cilia for locomotion 


Two long tentacles without stinging cells 
Colloblasts secrete sticky substance 
Hermaphroditic 


Bioluminescent 


Baroe eat other comb 
jellies like Mnemiopsis 
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REVIEW OF ANIMAL PHYLOGENY 


Porifera 
Cnidaria and 
Ctenophora 


Ancestral colonial 
choanoflagellate 


Copyright © Pearson Education, Inc.. publishing as Benjamin Cummings. 


FIGURE 15.8 
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O William C. Ober 


Sponges are members of the phylum Porifera, which contains the simplest animals. 
(credit: Andrew Turner) 
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Red boring 


PHYLUM PORIFERA 


General Features 


1. Sessile ("attached") sponges are filter feeders 


2. Porifera means "pore-bearing" 
* Sac-like bodies perforated by many pores 


3. Use flagellated "collar cells", or choanocytes, to move 


water 


° Body is efficient aquatic filter 
* Large sponges filter 1500 liters of water per day 


Approximately 15,000 species of sponges 


* Most are marine 
* Afew live in brackish water, 150 in fresh water 
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PHYLUM PORIFERA - SHAPE OF LIFE VIDEO 


1. Asymmetrical or superficially radially symmetrical 
2. Three major cell types: pinacocytes (epidermal cells), 
amoeboid cells, and choanocytes 
. Central cavity (spongocoel), or a series of 
branching chambers, through which water 
circulates during filter feeding (Large sponges filter 1500 


liters of water per day) 


Have collagen. (Most abundant protein in all 
animals : 2596-3596 of whole-body protein 
content.) 


No tissues or organs 


SHAPE OF LIFE SPONGES 


SPONGES-PHYLUM PORIFERA 


Despite their lack of complexity, sponges are clearly successful 
organisms, having persisted on Earth for more than half a billion 
years. 


Sponge cells are arranged in a gelatinous matrix. Absence of true 
tissues or organs requires that all fundamental processes occur at the 
level of individual cells 


Lacking a true digestive system, sponges depend on the intracellular 
digestive processes of their choanocytes and amoebocytes for their 


energy intake. The limit of this type of digestion is that food particles 
must be smaller than individual cells. 


Gas exchange, circulation, and excretion occur by diffusion between 
cells and the water. 


Asconoid Sponges 


PHYLUM PORIFERA 


Types of Canal Systems 


• 1. Simplest body form (Asconoid) 
* Small and tube-shaped 


* Center of the sponge (spongocoel) is covered with collar cell flagella 
* Water enters a large cavity, the spongocoel 
* Lined with choanocytes 


* Choanocyte flagella pull water through small 
holes (ostia) in cells called porocytes. 


Morphology of a simple sponge. 
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Choanocyte = collar cell 
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PHYLUM PORIFERA 


*Amoeboid cells "Archaeocytes" Move 
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A Ascon-type sponge (Class Calcarea) 

B Skeleton of Venus's flower basket (Class Hexactinellida) 
C Bath sponge (Class Demospongia) 

D-F Calcareous spicules 

G-J Siliceous spicules 
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Calcareous spicules 


BIODIDAC ©, J. Houseman 
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[. Porifera mn 


Calcarea Demospongiae Hexactinellida 


Spicules not 

with 6 rays ; 
u Spicules 

Spongin network with 6 rays 


; often present 
Calcium carbonate PR 


spicules 
Siliceous spicules 


Internal system of 

pores and canals 

for water flow 
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Choanoflagellate 
colony ancestor 
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PHYLUM PORIFERA 


Most complex and larger sponges are called Leucon 
sponges 

* Most sponges are leuconoid 

* Have many oscula (holes) 


* Much increased surface area with flagella compared 
to their volume 


* More collar cells can meet food demands 
* Large sponges filter 1500 liters of water per day 


PHYLUM PORIFERA 


Class Demospongiae 
Contains 9526 of living sponge species 
Spicules (if present) are made of silica 


* Bound together by spongin (protein network) 
All are Leuconoid body form 


Bath sponges 


* Lacks silica spicules 
* Have spongin skeletons 


PHYLUM PORIFERA 


Sexual Reproduction 


* Most sponges are monoecious (both 
sexes in same individual) 


* Sperm sometimes arise from 
transformed choanocytes, after meiosis 


* Eggs arise from amoebocytes 


PHYLUM PORIFERA 


*|n some, one sponge releases sperm 
which enter the pores of another sponge 

*Some sponges release both sperm and 
oocytes into water 


* Form a free-swimming larva 


Sexual and asexual reproduction 
Embryos are free-swimming, adult sponges always attached 


Porifera 


mobile develop 
Development sage flagellum into collar 
hollow A N cells 


meiosis пае 


fertilized | - 


tage larva 
stag sponge growS settled down 


SPONGE LARVAE 


Ec Az ЧЫМ D E E BSAA 
The azure vase-sponge Callyspongia plicifera is a type of 
sponge that releases short-lived (minutes only) larvae 

| that settle close to the parent 0.25X 


PHYLUM PORIFERA 


* Sponges have a great ability to regenerate 
lost parts and repair injuries 

* Put them in a blender and they can 
reassemble themselves 


* Regeneration after fragmentation is one 
means of asexual reproduction 


PHYLUM PORIFERA 


* Asexual reproduction can also occur by bud formation 
* External buds 


* Small individuals that break off after attaining a 
certain size 


* Gemmules 


* Formed by amoebocytes (archaeocytes) 
coated with tough spongin and spicules 


* Survive harsh environmental conditions 


GEMMULES — sponge asexual 
reproduction 


|  ...  Gemmule 


Micropyle 


Inner 
, membrane 


spicules 


Archaeocytes 


Spicules 
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ECOLOGY 


Many live as commensals (or parasites) in or on 
other sponges 


* Also grow on a variety of other living organisms 
Have few predators 


* Sponges may have an elaborate skeletal 
structure and often have a noxious odor 


* Sea turtles eat them. 


FAMILY CLADORHIZIDAE 


Carnivorous sponge that preys on crustaceans and other small 
animals, rather than filter feeding! Perhaps an adaptation to living in 
very deep waters with low nutrient levels (oligotrophic). 


Chondrochladia lampadiglobus 
Ping-pong tree sponge 
> 3 Lf 
Depth: 2600-3000, 
Size: 50, criglieight * 
a g 
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CARNIVOROUS SPONGES 


CLADORHIZIDAE 1 


CHAPTER 32 
^ AN INTRODUCTION TO 
ANIMAL DIVERSITY 


Key Concepts: 


Characteristics of Animals 
Animal Classification 


Evolutionary History of Animal Diversity 


Characteristics of Animals 


Multicellular heterotrophs 
Cells lack cell walls 


Most have nerves, muscles, and capacity to move at some 
point in the life cycle 


Able to reproduce sexually 

opecialized sensory structures and nervous system 
Cells exist in extensive extracellular matrix 

Unique cell junctions 


All animals have Hox genes and small ribosomal subunit rRNA 


FIGURE 27.5 
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Hox genes are highly conserved genes encoding transcription factors that determine the course of embryonic 
development in animals. In vertebrates, the genes have been duplicated into four clusters: Hox-A, Hox-B, Hox-C, and 
Hox-D. Genes within these clusters are expressed in certain body segments at certain stages of development. Shown 
here is the homology between Hox genes in mice and humans. Note how Hox gene expression, as indicated with 
orange, pink, blue and green shading, occurs in the same body segments in both the mouse and the human. 


Animal Classification 


Most biologists agree kingdom is monophyletic 
About 35 recognized animal phyla 


Most likely ancestor was a colonial flagellated protist similar to 
choanoflagellates 
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| Most with lophophore Ecdysis 
or trochophore larva 


Protostome development Deuterostome 
——— development, 


A endoskeleton 
Radiata Bilateral symmetry 


Parazoa Ti 
a : issues 


Multicellularity 
4 


KEY Common ancestor of animals 
and choanoflagellates 


ШШ Critical innovations 


Ecdysozoa 


Protostomia 


Possess body 
cavity 
Bilateria 
(bilateral 
symmetry, 
triploblastic) 


Eumetazoa 
(specialized 
tissues) 

| 


| 
Lophotrochozoa 


Deuterostomia | 
Metazoa | 


(animals) 


Acoelomates 
(no coelom) 


Radiata 
(radial symmetry, diploblastic) 


| Parazoa (no tissues) 


Arthropoda 
(arthropods) 


Nematoda 
(roundworms) 


Platyhelminthes 
(flatworms) 


Rotifera 
(rotifers) 


Ectoprocta 


Brachiopoda 


Annelida 
(annelids) 


Mollusca 
(mollusks) 


Chordata 
(chordates) 


Echinodermata 
(echinoderms) 


Acoela 


Cnidaria 
(cnidarians) 


Ctenophora 
(comb jellies) 


Porifera 
(sponges) 
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Choanoflagellate cell Sponge cell 


(choanocyte) | 


(a) Colonial choanoflagellate (b) Sponge 


TRADITIONAL CLASSIFICATION 
BASED ON BODY PLANS 


Morphological and developmental features 
traditionally used to classify animals: 


Presence or absence of different tissue types 


Type of body symmetry 
opecific features of embryonic development 


1. Tissues 


- Metazoa - all animals 


2 Metazoa divided based on whether there are specialized 
tissues 


LJ Parazoa (without specialized tissues or organs) 
J Porifera — sponges (“beside” animals) 


-] Eumetazoa (more than one type of tissue and organ) 
- All other animals 


Symmetry 


LJ Eumetazoa are radially symmetrical or bilaterally 
symmetrical 


2 Bilateria (bilateral animals) 
J Have cephalization and dorsal and ventral sides 
J  3germ layers 


4 Radiata (radial animals) 
ы Have oral and aboral sides 
Jd  2germ layers 


FIGURE 27.7 


openstax” 


The (a) sponge (Parazoa) is asymmetrical. The (0) jellyfish and (c) anemone are 
radially symmetrical (Eumetazoa, 2 tissue layers), and the (d) butterfly is bilaterally 


symmetrical (Eumetazoa, 3 tissue layers). (credit a: modification of work by Andrew Turner; credit b: 


modification of work by Robert Freiburger; credit c: modification of work by Samuel Chow; credit d: modification of work by 
Cory Zanker) 


FIGURE 27.8 


openstax” 


Medial The bilaterally symmetrical human body 
Lateral can be divided into planes. 
Lateral 


Dorsal 


Cranial 


Caudal 


(a) Parazoa: no tissue types 


(c) Eumetazoa: three tissue types 
Bilateria: bilateral symmetry 


(b) Eumetazoa: two tissue types 
Radiata: radial symmetry 


Number of cell layers 
Bilateria are triploblastic — 3 layers 
Radiata are diploblastic — 2 layers 
Cell layers develop during gastrulation 


Inner layer — endoderm 
Outer layer — ectoderm 


_IMesoderm - 3" layer in bilateral animals 
° Forms muscles and most other organs 


FIGURE 27.9 


openstax” 
Diploblast Triploblast 


Endoderm 


Ectoderm | 
Non-living layer Mesoderm 


During embryogenesis, diploblasts develop two embryonic germ layers: an ectoderm 
and an endoderm. Triploblasts develop a third layer—the mesoderm—between the 
endoderm and ectoderm. 


FIGURE 27.4 
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Cleavage 


Blastula 
cross section  Blastopore 


Gastrula cross 
section 


3.Cells at the sides of 
the archenteron 
elongate 


1. Some blastoderm cells 
ingress, becoming lo 
primary mesenchyme fi 


During embryonic 
development, the zygote 
undergoes a series of mitotic 
cell divisions, or cleavages, to 
form an eight-cell stage, then a 
hollow blastula. During a 2. Other blastoderm cells 
process called gastrulation, the Madinaren form the 
blastula folds inward to form a 


cavity in the gastrula. 


Secondary 
mesenchyme 


Blastopore 


Ectoderm 


Endoderm 


Archenteron 


Primary 
mesenchyme 


Blastopore 


FIGURE 27.10 


Flatworm: Pseudobiceros bedfordi 


Ectoderm 


Mesoderm 
Endoderm 


Digestive cavity 


(a) Acoelomate 
(flatworms) 


(b) 


Annelid: Glycera 


Eucoelomate 
(annelids, 
mollusks, 
arthropods, 
echinoderms, 
chordates) 


Nematode: Heterodera glycines 
Pseudocoelom 


Coelom 


Endoderm Ectoderm 


(c) Pseudocoelomate 
(roundworms) 


Triploblasts may be (a) acoelomates, (0) eucoelomates, or (с) pseudocoelomates. Acoelomates 
have no body cavity. Eucoelomates have a body cavity within the mesoderm, called a coelom, 
which is lined with mesoderm. Pseudocoelomates also have a body cavity, but it is sandwiched 


between the endoderm and mesoderm. (credit a: modification of work by Jan Derk; credit b: modification of 
work by NOAA; credit c: modification of work by USDA, ARS) 


әӨө-Ө 


Zygote Blastula Gastrula 


Central Respir- 
Outer nervous Neural Digestive atory 
surface system crest Dorsal Paraxial Intermediate Lateral tube Pharynx tube Je Female 
Epidermal Neuron Pigment Noto- Bone Tubule Facial Stomach Thyroid Lung Sperm 
cells of skin of cell chord tissue cell of the blood muscle cell cell cell 
brain (melan- kidney cells (alveolar 


ocyte) cell) 


Embryonic development in Eucoelomates 


-] Protostome 
Spiral cleavage 
Cleavage is determinate 
Blastopore becomes mouth 


-] Deuterostome 
Radial cleavage 
Cleavage is indeterminate — pluripotent stem cells 
Blastopore becomes anus 


openstax" 


Eucoelomates can be divided into two 
groups based on their early embryonic 
development. In protostomes, part of the 
mesoderm separates to form the coelom 
in a process called schizocoely. In 
deuterostomes, the mesoderm pinches 
off to form the coelom in a process called 
enterocoely. It was long believed that the 
blastopore developed into the mouth in 
protostomes and into the anus in 
deuterostomes, but recent evidence 
challenges this belief. 


Protostomes 


С 


FIGURE 27.11 


Deuterostomes 


Blastopore 
Coelom 


Mesoderm 
| Anus 


Digestive 
tube 


Gastrula 


A COMPARISON OF EARLY DEVELOPMENT IN PROTOSTOMES AND DEUTEROSTOMES 


Protostomes Deuterostomes 
(mollusks, anmelids, (echinoderms, chordates) 
arthropods} 


Eight-cell stage 


(a) Cleavage 


(b)coelom 
formation 


Mesoderm “— Blastopore 


Schizocoelous: solid Enterocoelous: 
masses of mesoderm folds of archenteron 
Split to form coelom form coelom 


(c) Fate of 
blastopore 


Mouth develops Anus | п 
from blastopore from blastopore 
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OTHER METHODS OF 
CLASSIFICATION 


Possession of exoskeleton 


Development of notochord 


Presence or absence of segmentation 
_ITraced to changes in homeotic or Hox genes 


In earthworms, each ring 
is a distinct segment. 
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Arthropoda 


Lobsters have developed 
specialized appendages 
on many segments. 


— Gas 


Ose 


WA 


N 


Chordata 


Fishes exhibit segmentation 
in their muscles and 
backbone. 


SIMILARITIES BETWEEN 
TRADITIONAL AND MOLECULAR 
PHYLOGENY 


1. 


2. 


8. 


The clade called Metazoa is monophyletic, meaning all 
animals came from a single common ancestor. 

At the earliest stages of evolution, molecular phylogeny 
supports the traditional view of the split between 


Parazoa and Eumetazoa. 


There is also agreement about an early split between 
Radiata and Bilateria, with most animal phyla 
belonging to the Bilateria. 

Molecular phylogeny also agrees that the echinoderms 
and chordates belong to a clade called the 
Deuterostomia. 


DIFFERENCES IN THE NEW 
MOLECULAR PHYLOGENY 


Two new invertebrate clades: 


Ecdysozoa 
-] Named for ecdysis (molting) 
- Nematodes, Arthropods, and a few other minor phyla 


Lophotrochozoa 


-] Named for the lophophore (feeding tentacles) and trochophore 
larva 


-] Mollusks, Annelids, and several other phyla 


L 
o 
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Ш 


Lophophore 


A TROCHOPHORE LARVA 


Apical tuft of cilia 


Protonephridium 
("kidney") 
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@ Dwight Kuhn 


(a) Lophophore of a phoronid worm 


(b) Trochophore larva 
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Table 32.2 Summary of the Basic Characteristics of the Major Animal Phyla 


Cnidaria and 
Ctenophora Mollusca Arthropoda 
(hydra, Lophophorata (snails, Annelida (insects, Echinodermata Chordata 
Porifera anemones, Platyhelminthes Rotifera (bryozoans and clams, (segmented Nematoda arachnids, (sea stars, sea (vertebrates 
Feature (sponges) jellyfish) (flatworms) (rotifers) others) squids) worms) (roundworms) crustaceans) urchins) and others) 


Estimated 11,000 110,000 1,000,000+ 7,000+ 52,000+ 
number of 
species 


Level of Cellular; Tissue; lack Organs Organs Organs Organs Organs Organs Organs Organs Organs 
organization lack tissues organs 
and organs 


Symmetry Absent Radial Bilateral Bilateral Bilateral Bilateral Bilateral Bilateral Bilateral Bilateral larvae, Bilateral 
radial adults 


Cephalization Absent Absent Present Present Reduced Present Present Present Present Absent Present 
Germ layers Absent Two Three Three Three Three Three Three Three Three Three 


Body cavity Absent Absent Absent Pseudocoelom Coelom Reduced Coelom Pseudocoelom Reduced Coelom Coelom 
coelom coelom 


Segmentation Absent Absent Absent Absent Absent Absent Present Absent Present Absent Present 
(but reduced) 


ANIMAL PHYLOGENY BASED ON SEQUENCING OF SSU-RRNA 


Y бун jx | FA 


d 
m 
€ 


Porifera 

Ctenophora 

Rotifera 
Brachiopoda a 


Annelida 
Arthropoda 
Echinodermata 


Е 
E 
3 
5 
E] 
& 


Ancestral colonial 
choanoflagellate 
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Arthropoda 


Hickman Zooloc 
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Protists range from the microscopic, single-celled (a) Acanthocystis turfacea and the ciliate 
Tetrahymena thermophila, both visualized here using light microscopy, to the enormous, multicellular 

kelps (Chromalveolata) that extend for hundreds of feet in underwater "forests." (credit a: 
modification of work by Yuiuji Tsukii; credit b: modification of work by Richard Robinson, Public Library 
of Science; credit c: modification of work by Kip Evans, NOAA; scale-bar data from Matt Russell) 


CHARACTERISTICS OF 
EUKARYOTES 


1. 
2. 
СА 
4. 
a 
6. 
T. 
8. 
9. 


Nuclei with nuclear envelope with nuclear pores. 

Mitochondria (ancestor of mitochondria an alphaproteobacteria) 
Cytoskeleton w/ actin microfilaments and microtubules 

Flagella and cilia, maybe pseudopodia 

Chromosomes with protein histones 

Mitosis 

Sex with meiosis and haploid nuclei 

Cell walls found in some organisms of all lineages of protozoa 


Ancestor a composite of host cell (probably an archaea) and cell 
of alpha-proteobacterium inside (endosymbiosis) 


PROTOZOA 
The "protists" 


Catch-all term for the non-plant, non-animal, non- 
fungal eukaryotes. No taxonomic or systematic 
significance. 


More diverse than the rest of the eukaryotes. Like 
multiple kingdoms 


(Unicellular, multicellular, multin 


walls, cell membranes, pellicle) f a“ d D 4 
e ^ 7 ae ا‎ 


多 Mr N Y 


INTRODUCTION TO PROTISTS VIDEO 


PROTISTS 


Protist video 4:11 

Key Topics: 
An Introduction to Protists 
Nutritional and Defensive Adaptations 
Reproductive Adaptations 


Evolution and Relationships 


OLD PROTIST VIDEO: (NO LONGER 
CALLED “KINGDOM PROTISTA”) 


An Introduction to Protists 


Protists are eukaryotes that are not classified in the plant, animal, or 
fungal kingdoms, though some protists are closely related to plants or 
animals or fungi. 


Two common characteristics 
„Most abundant in moist habitats 
Most of them are microscopic in size 


CLASSIFIED BY ECOLOGICAL ROLE 


Three major groups: 
-lAlgae - generally photoautotrophic 
Protozoa — heterotrophic 
_!Fungus-like — resemble fungi in body form 


and absorptive nutrition 


Terms lack taxonomic or evolutionary meaning 
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Algae 
(diatoms) 


Protozoan 
(ciliate) 


€ Photographs by H. Cantor-Lund reproduced with permission of the copyright holder J. W. G. Lund 


ALGAL PROTISTS 


Variety of pigments 
-lAdapt photosystems to capture more light 


Water absorbs the longer red and yellow wavelengths more than 
the shorter blue and green wavelengths 


-lAccessory pigments absorb light and transfer it 
to chlorophyll a 


Variety of types of food storage molecules 
-lStarch, polysacchrides, and oil 


NUTRITION 


Protists, the most nutritionally diverse of all eukaryotes, 
include: 


* Autotrophs, which contain chloroplasts 


* Heterotrophs, which absorb organic molecules or 


ingest larger food particles through phagocytosis — 
an infolding of the plasma membrane around a food 
particle 


* Mixotrophs, which combine photosynthesis and 
heterotrophic nutrition 


phagocytosis 


Dinobryon — a golden alga 


Photosynthetic stramenopile 
that lives 

in the phytoplankton of 
freshwater lakes 


Example of a mixotroph 


owitch back and forth 
between photoautotrophy 
and heterotrophy, 
depending on conditions in 
their environment 


Remarkable nutritional 
flexibility 


FIGURE 13.14 PHAGOCYTOSIS 


Phagocytosis 


openstax” 


Food particle Food vacuole Exocytic vesicle containing 
undigested material 


Lysosome containing 
digestive enzymes 


The stages of phagocytosis include the engulfment of a food particle, the digestion of 
the particle using hydrolytic enzymes contained within a lysosome, and the expulsion of 
undigested material from the cell. 


CYTOPHARYNX 


oome protozoa ingest food in 
a specialized region called a 


cytopharynx. 


cilium 


А plasma 
food membrane 
vacuole 

micronucleus 

peristome 
macronucleus 
cytostame 
cytoplasm 
суіорћагутх 
contractile CM 
vacuole Eod. 
ment vacuole 


CLASSIFIED BY HABITAT 


Particularly common and diverse in oceans, lakes, wetlands and rivers 


Plankton — swimming or floating 
Phytoplankton — photosynthetic 
Zooplankton — heterotrophic 


“Occur primarily as single cells, colonies or short filaments 


Also found in: 
Soil 
Snow 
Dead organisms or waste (decomposers) 
As parasites inside other organisms 


Li 


Phytoplankton 


CLASSIFIED BY MOTILITY 


owim using eukaryotic flagella 
_IFlagellates 


Some flagellated reproductive cells 


Cilia — shorter and more abundant than flagella, and beat in synchrony 


Ciliates 


Amoeboid movement — using pseudopodia 
-ЈАтоерае 


Gliding on protein ог carbohydrate slime 


FORM AND FUNCTION 
CONTINUED 


Locomotor Organelles 


Cilia and Flagella — both have similar internal structure. 9 pairs 
of longitudinal microtubules arranged in a circle around a central 
pair. 

9+2 arrangement of microtubules. 


Cilia Video 


More cilia 


MR. *% 


CILIATED PROTISTS 


Visualization of a 3D reconstructed sea urchin sperm flagellum. 


Flagella Video 


Nicastro D et al. PNAS 2005;102:15889-15894 


©2005 by National Academy of Sciences 


Ииии 
Flagellated protists 
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Pseudopod 


€ Dr. Dennis Microscopy/Visuals Unlimited © Dr. Stanley Flegler/Visuals Unlimited 


PSEUDOPODIA 


Protrusions of the cytoplasm, usually in amoeba, that are used for 
both locomotion and feeding. Video 
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Contractile vacuole Nucleus 
Plasmalemma 


Hyaline 
ectoplasm 


Ectoplasmic 
tube 


Fountain zone 


Food vacuole 


Hyaline Shear zon 
cap Axial core 


ol Endoplasmic stream 


CYTOPLASMIC STREAMING 


Long, thin pseudopodia with multiple rods of microtubules, as in 
Radiolarians, Foraminiferans 


Actinopods. 


ACTINOPODS 


Reproductive Adaptations 


Asexual reproduction 
-JAII protists can reproduce asexually 


Many produce cysts with thick, protective 
walls that remain dormant in bad conditions 


Many protozoan pathogens spread from one 
host to another via cysts 


ASEXUAL REPRODUCTION 


Asexual 
* binary fission, splitting into 2 cells, similar to 
mitosis, both cells similar size. 


* budding — much smaller cell breaks off larger 
one. 


All protists can reproduce asexually. 


Volvox produces daughter colonies asexually 


SEXUAL REPRODUCTION 


Eukaryotic sexual reproduction with gametes and zygotes arose 
among the protists 


Generally adaptive because it produces diverse genotypes 


Sporic life cycle 
Many multicellular green and brown seaweeds 


Also known as alternation of generations 


Two types of multicellular organisms 


* Haploid gametophyte produces gametes by mitosis 


* Diploid sporophyte produces spores by meiosis 


THE LIFE CYCLE OF LAMINARIA (BROWN ALGA): AN EXAMPLE OF ALTERNATION OF GENERATIONS 


Г] Haploid (n) 
[| Diploid (2л) 
Sporangia 


rooson? 


Female 


Developing 
Developing 


Zygote 


Mature female 
gametophyte 
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Ciliate sexual reproduction 
Most complex sexual process in protists 


Have two types of nuclei (single macronucleus and one or 
more micronuclei) 


—IMacronuclei are the source of the information for cell function 


Two cells pair and fuse — conjugation 


Sexual reproduction involves a meiosis event of the DNA in the 
micronucleus. 


This haploid DNA is exchanged with another organism, restoring 
a diploid condition. 


REPRODUCTION 


Sexual reproduction 
Provides new combinations of genetic material 
But protozoa do not have "embryos" 


Haploid DNA (gamete nuclei) is exchanged between individuals 


It fuses with the gamete nuclei of the other organism to become 
diploid, (may go through meiosis soon to return to haploid condition). 


Many protists are haploid. 


PARAMECIUM CONJUGATING 
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Macronucleus 


Micronucleus 


Two different mating 
types form a 
cytoplasmic bridge. 


Meiosis produces four 
haploid micronuclei, 
three of which 
disintegrate. 


openstax” 


The complex process of 
sexual reproduction in 
Paramecium creates eight 
daughter cells from two 
original cells. Each cell has a 
macronucleus and a 
micronucleus. During sexual 
reproduction, the 
macronucleus dissolves and 
is replaced by a 
micronucleus. (credit 
“micrograph”: modification of 
work by lan Sutton; scale-bar 
data from Matt Russell) 


Cytoplasmic 
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Micronucleus 


Two different mating 
types form a 


cytoplasmic bridge. 


Meiosis produces four 
haploid micronuclei, 
three of which 
disintegrate. 
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micronucleus divides 


Each remaining 
by mitosis. 
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The complex process of 
sexual reproduction in 
Paramecium creates eight 
daughter cells from two 
original cells. Each cell has a 
macronucleus and a 
micronucleus. During sexual 
reproduction, the 
macronucleus dissolves and 
is replaced by a 
micronucleus. (credit 
“micrograph”: modification of 
work by lan Sutton; scale-bar 
data from Matt Russell) 
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| Meiosis produces four 
haploid micronuclei, 
three of which 
disintegrate. 


| Eachremaining 
micronucleus divides 
by mitosis. 


| The conjugate pair 
| Swaps micronuclei. 
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The complex process of 
sexual reproduction in 
Paramecium creates eight 
daughter cells from two 
original cells. Each cell has a 
macronucleus and a 
micronucleus. During sexual 
reproduction, the 
macronucleus dissolves and 
is replaced by a 
micronucleus. (credit 
“micrograph”: modification of 
work by lan Sutton; scale-bar 
data from Matt Russell) 


Macronucleus à Cytoplasmic 
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Micronucleus |o коо, The complex process of 
Two different mating sexual reproduction in | 
types forma _ — Paramecium creates eight 
cytoplasmic bridge. Meiosis produces four 
haploid micronuclei, daughter cells from two 
three of which a 
disintegrate. original cells. Each cell has a 
macronucleus and a 
micronucleus. During sexual 
reproduction, the 
macronucleus dissolves and 
is replaced by a 

一 micronucleus. (credit 

Each remaining m " е : 
micronucleus divides micrograph": modification of 
ENS work by lan Sutton; scale-bar 


data from Matt Russell) 


| The conjugate pair 
The haploid | swaps micronuclei. 
micronuclei fuse, | 
forming a diploid 
micronucleus. 


Macronucleus Cytoplasmic 
bridge 


openstax” 
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Reproduction in Paramecium micronucleus. During sexual 
reproduction, the 


macronucleus dissolves and 


is replaced by a 
micronucleus. (credit 
micronucleus divides “micrograph”: modification of 


Each remaining 


by mitosis. work by lan Sutton; scale-bar 


data from Matt Russell) 


The micronucleus | 
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rounds of mitosis, The conjugate pair 
producing eight The haploid swaps micronuclei. 
micronuclei. micronuclei fuse, 
forming a diploid 
micronucleus. 
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Micronucleus > good The complex process of 
Two different mating ^h sexual reproduction in 
types forma Paramecium creates eight 


cytoplasmic bridge. Meiosis produces four 
haploid micronuclei, daughter cells from two 
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2 macronucleus and a 
H | Sexual Reproduction in Paramecium | | Sexual Reproduction in Paramecium | in Paramecium micronucleus. During sexual 
reproduction, the 
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The micronucleus 


undergoes three 

rounds of mitosis, The conjugate pair 
producing eight The haploid swaps micronuclei. 
micronuclei. micronuclei fuse, 


forming a diploid 
micronucleus. 


Macronucleus 


~ 


Two rounds of 
cell division produce 
four daughter cells. 


Cytoplasmic 


bridge 


Micronucleus 


Two different mating 
types form a 


cytoplasmic bridge. 


The original 
macronucleus 
disintegrates, and four 
of the micronuclei 
become macronuclei. 


The micronucleus 
undergoes three 
rounds of mitosis, 
producing eight 
micronuclei. 


The haploid 
micronuclei fuse, 
forming a diploid 
micronucleus. 


Meiosis produces four 
haploid micronuclei, 
three of which 
disintegrate. 


Each remaining 
micronucleus divides 
by mitosis. 


The conjugate pair 
swaps micronuclei. 
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The complex process of 
sexual reproduction in 
Paramecium creates eight 
daughter cells from two 
original cells. Each cell has a 
macronucleus and a 
micronucleus. During sexual 
reproduction, the 
macronucleus dissolves and 
is replaced by a 
micronucleus. (credit 
“micrograph”: modification of 
work by lan Sutton; scale-bar 
data from Matt Russell) 


Evolution and Relationships 


At one time, protists were in a single kingdom (not since 1990) 
However, “protists” is not a monophyletic group 


Evolutionary understanding is in flux 
Some relationships are uncertain or disputed 
New protists still being discovered 


Classified into supergroups 


Common 
eukaryotic 
ancestor 


Radiolarians 


Red algae 


Chlorophytes 
(green algae) 


Charophytes 
(green algae) 


Land plants 


Slime molds 
Gymnamoebas 


Entamoebas 


Nucleariids 

Fungi 
Choanoflagellates 
Animals 
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This diagram shows a proposed 
classification of the domain Eukara. 
Currently, the domain Eukarya is divided 
into six supergroups. Within each 
supergroup are multiple kingdoms. 
Dotted lines indicate suggested 
evolutionary relationships that remain 
under debate. 


SUPERGROUP EXCAVATA 


Related to some of Earth's earliest eukaryotes 


Named for a feeding groove “excavated” into the cells of many 
representatives 


Food particles are taken into cells by phagotrophy 
_lEndocytosis 
_lEvolutionary basis for endosymbiosis 
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GIARDIA INTESTINALIS, A DIPLOMONAD 


Excavata 


| р м Y MEE. Undulating membrane 
Some are parasites ^ We 


Trichomonas vaginalis, WRN mmm 
. , : : : 4 with associated flagella 
Giardia intestinalis 


(a) Trichomonas vaginalis 


Once thought to lack 
mitochondria 


Possess highly modified 
mitochondria 


TRICHOMONAS VAGINALIS, A PARABASALID (EXCAVATA) 


HYPERMASTIGID 


Another parabasalid 
(like Trichomonas) but 
not parasitic. It is found 
in the gut of termites 
and cockroaches, 
necessary to break 
down wood that is 
consumed. 


SUPERGROUP EXCAVATA 


Euglenozoa 
Protein strips under plasma membrane allow 
Some are heterotrophic, but Euglena is photosynthetic 
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(a) Euglena 


a: © Wim van Egmond/Visuals Unlimited 
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SUPERGROUP EXCAVATA: EUGLENOZOA 
Kinetoplastids 


* Named for unusually large mass of DNA (kinetoplast) in 
a single large mitochondrion 


* Leishmania 


* Trypansosoma brucei 
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This diagram shows a proposed 
classification of the domain Eukara. 
Currently, the domain Eukarya is divided 
into six supergroups. Within each 
supergroup are multiple kingdoms. 
Dotted lines indicate suggested 
evolutionary relationships that remain 
under debate. 


SUPERGROUP ALVEOLATA (“SAR”) 


Named for saclike membranous vesicles (alveoli) 
present in cell periphery 
Ciliophora 


-lCiliates — conjugation 


Apicomplexa 
ALL are intracellular parasites e.g. Plasmodium (causative 
agent of malaria) 


Dinoflagellates 


Some photosynthetic, others not 
Red tide and mutualistic relationship with coral 
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CHROMOALVEOLATA: CILIATES: STENTOR (LEFT), PARAMECIUM (RIGHT) 
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SPECIALIZED ORGANELLES - CILIATES 


Contractile Vacuoles Responsible for water balance or 
osmoregulation 


Found mainly in freshwater protozoa, whose cellular water 
concentration is lower than the environment 


Act as a pump to remove excess water from the cytoplasm 


CONTRACTILE VACUOLES 


PARASITIC PROTIST LIFE CYCLE - 
APICOMPLEXA 


Parasitic protists often use more than one host organism, in which 
different life stages occur 


ex: Malarial parasite Plasmodium 


Alternates between humans and Anopheles mosquitoes 
Different stages in different hosts and host tissues 


Chromoalveolata: Apicomplexan: Plasmodium in red 
blood cells 


PLASMODIUM LIFE CYCLE 
In human In mosquito 


Plasmodium (Malaria) Life Cycle in 
humans 


Plasmodium (Malaria) life cycle in 
Mosquitos 


THE TWO-HOST LIFE HISTORY OF PLASMODIUM, THE APICOMPLEXAN THAT CAUSES MALARIA 


Mosquito Human 
Sporozoites سے‎ 
i De 5 Liver 


Liver 
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This diagram shows a proposed 
classification of the domain Eukara. 
Currently, the domain Eukarya is divided 
into six supergroups. Within each 
supergroup are multiple kingdoms. 
Dotted lines indicate suggested 
evolutionary relationships that remain 
under debate. 


HYPERMASTIGID 


Another parabasalid 
(like Trichomonas) but 
not parasitic. It is found 
in the gut of termites 
and cockroaches, 
necessary to break 
down wood that is 
consumed. 
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SUPERGROUP STRAMENOPILA 
(“SAR”) 


Named for distinctive strawlike hairs on the surface of flagella 
Wide range of algae, protozoa, and fungus-like protists 
Usually produce flagellated cells at some point 


Heterotrophic or photosynthetic 
_!Plastids from secondary endosymbiosis 
with red algae 
Includes the Oomycetes (water molds), Brown algae, Golden 
algae and diatoms 
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(b) Kelp forest 


a: O Linda Graham; b: O Jeff Rotman/Photo Researchers, Inc. 
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SUPERGROUP RHIZARIA (“SAR”) 


Have thin, hairlike extensions of the cytoplasm 
Phylum Radiolaria 


Phylum Foraminifera 
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Filose pseudopodium Filose pseudopodium 


(a) Radiolarian (b) Foraminiferan 


a: © Claude Nuridsany & Marie Perennou/SPL/Photo Researchers, Inc.; b: € O. Roger Anderson, Columbia University, 
Lamont-Doherty Earth Observatory 


ARCHAEPLASTIDA: PLANTS AND 
RELATIVES 


Supergroup that includes land plants also encompasses several algal 
phyla 


Kingdom Plantae (land plants) evolved from green algal ancestors 


Phylum Chlorophyta and Charophyta — green algae 


Phylum Rhodophyta - red algae 


GREEN ALGAE 


Phylum Chlorophyta 
Diverse structural types 
Occur in fresh water, the ocean, and on land 


Cells contain same type of plastids and photosynthetic pigments 
as in land plants. 


Phylum Charophyta 
Closest relatives to land plants 
Similar reproductive patterns and morphology 


RED ALGAE 


Most are multicellular marine macroalgae 


Red appearance due to distinctive 
photosynthetic pigments 


Lack flagella 


Unusually complex life cycles 


L6 
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(b) Chondrus crispus 


a: © Doug Sokell/Visuals Unlimited; b: € Andrew J. Martinez/Photo Researchers, Inc. 


(a) Calliarthron 


SUPERGROUP AMOEBOZOA 


Many types of amoebae 


Move using pseudopodia 


ex: Dictyostelium discoideum, Slime Molds 


Model organism for understanding movement, cell 
communication, and development. 


In response to starvation, single amoebae aggregate into a 
multicellular “slug” that develops into a stalked structure 
containing spores 


-lSpores pop out and produce new amoebae 


SLIME MOLD 


DICTYOSTELIUM LIFE CYCLE 


THE LIFE CYCLE OF A CELLULAR SLIME MOLD (DICTYOSTELIUM) 
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J (teeding stage) Zygote (2n) 
Sexual 


reproduction 
Emerging 


۵ c 
f s Aggregated sr” 
г (л) amoebas 


Asexual 
reproduction 


Migrating 
Fruiting colony 


\ bodies 
| Haploid (n) 


Diploid (2n) 


Copyright © Pearson Education, Inc., publishing as Benjamin Cummings. 


FIGURE 23.28 


Cellular Slime Mold Life Cycle 


Germination gives rise 
to amoeboid cells. А 
The spores disperse. 


Mitosis and Meiosis 


Asexual reproduction 


2 Sexual reproduction 


Zygote 
(2n) 


Fertilization 


Mitosis without cytokinesis 
results in multiple solitary 
amoebas that may aggregate. 
The aggregated amoebas 
are able to migrate. 


Solitary amoebas 
0 am 


Aggregated 
amoebas 


Fruiting body 


Cells migrate up the stalk 


Stalk 
and form spores. 
A stalk forms S n ` 


with a fruiting 
body at the top. 


Cellular slime molds may exist as solitary or aggregated amoebas. (credit 


of work by “thatredhead4”/Flickr) 


: modification 


STAGES OF DICTYOSTELIUM 


FIGURE 23.27 


Plasmodial Slime Mold Life Cycle O p e n stax” 


O o2 Meiosis within the sporangium 
Germination gives rise to € results in haploid spores. 
cells that can convert between 
amoeboid and flagelated forms. Spores 


(1л) 


Amoeboii will 


“Sg 


Flagellated 


Fertilization by fusion : 
of either cell type The plasmodium matures 


results in a 2n zygote. and sporangia form. 


Mature 
plasmodium 
Zygote 
(2n) 


Mitosis without cytokinesis 
results in a single- celled 
multinucleate mass called a 
plasmodium 


Feeding 
plasmodium 


The life cycle of the plasmodial slime mold is shown. The brightly colored plasmodium 
in the inset photo is a single-celled, multinucleate mass. (credit: modification of work by 
Dr. Jonatha Gott and the Center for RNA Molecular Biology, Case Western Reserve 
University) 


DOG VOMIT SLIME MOLD 


PRETZEL SLIME MOLD 


SUPERGROUP OPISTHOKONTA 


Supergroup: Opisthokonta 


Includes animal and 
fungal kingdoms and 
related protists 


Nuclearia 

Kingdom Fungi 
Choanomonada 
Choanoflagellates 
Kingdom Animali 


Named for single 
posterior flagellum on 
swimming cells 


Multicellularity Multicellularity 


KEY 


ШИШ Critical innovations 
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Flagellum 


Collar of 
cellular 
extensions 


€ Stephen Fairclough, King Lab, University of California at Berkeley 


Choanoflagellate protists 
Feature distinctive collar surrounding flagella 


These are the modern protists most related to the common 
ancestor of animals 
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Figure 22.1 = 
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Certain prokaryotes can live in extreme environments such as the Morning Glory pool, a 
hot spring in Yellowstone National Park. The spring’s vivid blue color is from the 
prokaryotes that thrive in its very hot waters. (credit: modification of work by Jon Sullivan) 


Archaea and Bacteria - Prokaryotes 


Key Topics: 
* Diversity and Evolution 
* Structure and Movement 
* Reproduction 
* Nutrition and Metabolism 


* Ecological Roles and Biotechnological Applications 


Diversity and Evolution 


One of the most prominent features of the 
bacteria and archaea is their diversity 


Domain Archaea 
Domain Bacteria (also called Eubacteria) 


Both prokaryotic - lack nucleus 


Euryarchaeotes 
Crenachaeotes 
Nanoarchaeotes 
Korarchaeotes 


Proteobacteria 
Chlamydias 
Spirochetes 
Cyanobacteria 
Gram-Positive bacteria 


1 the earth's biomass 
is prokaryotic! 


Eukaryotes 
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Figure 22.2 = 


openstax” 


* This microbial mat, about one meter in diameter, grows over a 
hydrothermal vent in the Pacific Ocean in a region known as the 
“Pacific Ring of Fire.” The mat helps retain microbial nutrients. 
Chimneys such as the one indicated by the arrow allow gases to 


esca pe (credit a: modification of work by Dr. Bob Embley, NOAA PMEL, Chief Scientist; credit b: modification of work by Ricardo Murga, Rodney Donlan, CDC; 


scale-bar data from Matt Russell) 


Figure 22.3 = 


(a) 


(a)These living stromatolites are located in Shark Bay, Australia. 


(b)These fossilized stromatolites, found in Glacier National 
Park, Montana, are nearly 1.5 billion years old. (credit a: Robert Young; credit 


b: P. Carrara, NPS) 


Domain Archaea 


e Have features in common with the eukaryotic nucleus and 
cytoplasm, suggesting common ancestry 
Û Histone proteins associated with DNA 
Û 33 Ribosomal proteins shared 
LI RNA polymerases closely related to those of eukaryotes 


* Unique membrane lipids give resilience 
Û Ether-bonded lipids more resistant to heat and other conditions 
Û Allow Archaea to live in extreme environments 


Û "Extremophiles" e.g. thermophiles (thermal vents, hot springs; and 
halophiles (extreme salt). 


UC Berkeley link Archaea Morphology 


. By Franciscosp2 - self-made (using xfig), Public Domain, https://commons.wikimedia.org/w/index.php?curid=2652276 


Branched isoprene chains 


archaea | (4) 2. Ether linkages 
(2) кз 
(1) (3) e 
u Mirror image glycerols 
bacteria 
6. Ester linkages 
bacteria archaea 


Polymer of sugar and 
amino acids 


Peptidoglycan 
cell wall 


N 
Outer 
envelope 


D-Glycerol 


Unbranched fatty acids 
Ester bond 


(c) Ester-bonded phospholipid 
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Protein 
cell wall 


(b) ARCHAEAL CELL 


Ether bond 


à А L-Glycerol 
Branched isoprene chains 


(d) Ether-bonded phospholipid 


a: © Linda Graham: b: © Eye of Science/Photo Researchers, Inc. 
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Extremophiles 


* Can occupy habitats with extreme conditions 
Ч High salt content - halophiles 
Ч Acidity 
Ч High methane levels 
Û High temperatures - hyperthermophiles 
Û High radiation 


* ex: Methanopyrus 
U Grows in deep-sea thermal vents at 98°C (208°F) 
Û Cannot grow at temps under 84°C 


* ex: Sulfolobus grows in acidic hot springs at pH 3 


Extremophiles and Their Preferred Conditions 


Extremophile Type Conditions for Optimal Growth 
Acidophiles pH 3 or below 

Alkaliphiles pH 9 or above 

Thermophiles Temperature 60-80°C (140-176°F) 
Hyperthermophiles Temperature 80-122°C (176-250°F) 
Psychrophiles Temperature of -15 -10°C (5-14°F) or lower 
Halophiles Salt concentration of at least 0.2 M 


Osmophiles High sugar concentration 


openstax” 


Deinococcus radiodurans, visualized in 
this false color transmission electron 
micrograph, is a prokaryote that can 
tolerate very high doses of ionizing 
radiation. It has developed DNA repair 
mechanisms that allow it to reconstruct 
its chromosome even if it has been 
broken into hundreds of pieces by 
radiation or heat. (credit: modification of 
work by Michael Daly; scale-bar data 
from Matt Russell) 


"Heat-loving" (Thermophilic) prokaryotes 


Extreme halophiles 


openstax” 


Figure 22.6 
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(a)The Dead Sea is hypersaline (10X salt of seawater, 40x 
magnesium). Nevertheless, salt-tolerant archaea-bacteria 


thrive in this sea. 


(credit a: Julien Menichini; credit b: NASA; scale-bar data from Matt Russell) 


(b)These halobacteria cells can form salt-tolerant bacterial mats 


Some differences between Bacteria and Archaea 


1. Bacteria cell walls have peptidoglycan, archaeal cell walls 
don't. 


2. Bacteria have one ribosomal RNA polymerase (rRNA), 
archaea and eukaryotes have 3. 


3. Bacterial can't live above 100°C, archaea are extremophiles. 


4. Bacteria growth inhibited by antibiotics, archaea unaffected 
by antibiotics. 


Domain Bacteria 


。 ~50 bacterial phyla (perhaps) 


Ustructural and metabolic features 
of half or more are still unknown 


* Most bacteria favor moderate conditions 


* Many form symbiotic relationships 
with eukaryotes 
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KEY 


<> Phyla - perhaps 


“om Examples of horizontal 
gene transfer 


Your microbial fauna: 


100 to 200 species in your mouth 


128 species in your lungs 
up to 1000 species on your skin 


300 to 1000 species in your guts 


Your microbial fauna: 
100 


100 to 200 species in your mouth 


128 species in your lungs 


Ehe New York Times July 13, 2010 
Microbiomes go | d aly ИТЕ Lie ipe apretar 
/ РА N See „ 
A project to gather and Er КУ i b V e hy bacterial species 
sequence DNA from the М Y SALE from genetic 


surveys. Lines 
show relationships 
among species. 
Only a few had 
been sequenced. 


thousands of microbe 
species living in and on = 
the human body has 
completed work on 369 
species to date. 
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Cyanobacteria 


Photosynthetic bacteria abundant in fresh 
water, oceans and wetlands and on surfaces 
of arid soils 


Named for blue-green or cyan color 


The only prokaryotes that generate oxygen as 
a product of photosynthesis 


Gave rise to plastids of eukaryotic algae and 
plants 


Cyanobacteria/chloroplast connection 


Intermembrane space 
[Viridiplantaean chloroplasts and rhodoplasts Carboxysome 
(also in muroplasts) 


Granum Outer membrane 


(higher plants) 


Mon wall 
asts) 


(also in mu 

№ ^— Mucoid еи 
Capsule 

Slime coat 


cyanobacterium 


chloroplast 


By Kelvinsong - Own work, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=24264654 
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Cyanobacteria 


* Display the greatest structural diversity found 
among bacterial phyla 
single cells (unicells) or colonies 
Filaments 


* Essential ecological roles in producing organic 
carbon, O, and fixing nitrogen 
“several kinds form nuisance growths - blooms or 
biofilms 


Cyanobacteria: Gloeothece (top left), Nostoc (top right), Calothrix (bottom left), Fischerella (bottom right) 


MT. NN DIN 


MI 


6 ( 


A bloom of cyanobacteria 


Biofilms 


* Prokaryotes live in communities 

* Biofilm is microbial community held together 
in polysaccharide matrix secreted by the 
bacteria. These attach to surfaces. 
— Clog pipes 
— Bacterial contamination in food 


— Kitchen counters, cutting boards, sinks, toilets 
— On your teeth 


Biofilm development Fig. 22.8 = 


openstax” 
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Five stages of biofilm development are shown. During stage 1, initial attachment, bacteria adhere to a 
solid surface via weak van der Waals interactions. During stage 2, irreversible attachment, hairlike 
appendages called pili permanently anchor the bacteria to the surface. During stage 3, maturation |, 
the biofilm grows through cell division and recruitment of other bacteria. An extracellular matrix 
composed primarily of polysaccharides holds the biofilm together. During stage 4, maturation Il, the 
biofilm continues to grow and takes on a more complex shape. During stage 5, dispersal, the biofilm 
matrix is partly broken down, allowing some bacteria to escape and colonize another surface. 
Micrographs of a Pseudomonas aeruginosa biofilm in each of the stages of development are shown. 
(credit: D. Davis, Don Monroe, PLoS) 
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Horizontal gene transfer 


Also known as lateral gene transfer 


Movement of one or more genes from one 
species to another 


LlContrasts with vertical gene transfer from 
parent to progeny 


Increases genetic diversity 
Common among archaea and bacteria 


Can result in large genetic changes 


Nucleoid = 2 Prokaryotic cell 


ee 4 1 A prokaryote grows in size 
| and develops infoldings in its 
— cell membrane to increase its 


~ Cytoplasm surface area to volume ratio. 


Cell membrane 
Cell membrane N j = 


infoldings 


2 The те eventually pinch off 
from the cell membrane, ing 


an early endomembrane system. 
It encloses the nucleoid, making a 
membrane-bound nucleus. 

This is the first eukaryote. 


Nucleus 


3 Anaerobic (oxygen using) 
Endomembrane system proteobacterium enters the 
Nuclear membrane eukaryote, either as prey or a 
Endoplasmic reticulum parasite, and manages to avoid 
digestion. It becomes an 
endosymbiont, or a cell living 
inside ark another cell. 


EUM | Р - : — 


4 The aerobe's ability to use oxygen to make energy 
becomes an asset for the host, allowing it to thrive 
in an increasingly oxygen-rich environment as the 
other eukaryotes go extinct. The proteobacterium is 
eventually assimilated and becomes a mitochondrion. 


Mitochondria 


First eukaryote 


Mitochondrion 


Ancestor of animals, fungi, 
and other heterotrophs 


Chloroplasts 


By, 5 Some куо qo goo nto pons. additional 
endosymbionts—the cyan guum agroup 
. ofbacteria crena capable of photosynth esis. 
They become chloroplasts. 


Ancestor of plants and algae 
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Horizontal gene transfer 


About 80% of 
prokaryotic genes have 
been involved in 
horizontal transfer at 
some point in their 
history 


At least 17% of the genes 
present in the common 


human gut inhabitant E. 
coli came from other 
bacteria 
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Important concepts 


* Bacteria and Archaea evolved from a common 
ancestor 


* Eukaryotic nucleus and cytoplasm likely arose in 
an ancient archaeal organism 


* Mitochondria and plastids originated from 2 
phlya: proteobacteria and cyanobacteria by 
endosymbiosis 

LlTransfer of many genes from bacteria to eukaryotes 


Proteobacteria 


= 


AMAZING DIVERSITY OF 
FORM AND METABOLISM 


¿O 
ANA 


FIVE MAJOR SUBGROUPS - 
CALLED A, В, Г, Д, E 


Proteobacteria (all gram negative) 


a-proteobacteria * Ancestors of mitochondria, Rhizobium (beneficial 
(Alpha) plant associations), Agrobacterium (plant tumors) 


B-proteobacteria 
(*Beta) 


* Nitrosomonas (nitrogen fixing) 


y-proteobacteria * Neisseria (gonorrhea), Vibrio (cholera), 
(Gamma) Salmonella, Escherichia coli (E. coli) 


6 -proteobacteria 
(Delta) 


* Myxobacteria (colonial), bdellovibrios (predatory) 


€ -proteobacteria 
(Epsilon) 


* Helicobacter (stomach ulcers) 
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Agrobacterium tumifasciens infection 
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Phylum 
Proteobacteria 


Bacteria of Phylum Proteobacteria 


Alpha Proteobacteria 

Some species are photoautotrophic 
but some are symbionts of plants 
and animals and others are 
pathogens. Eukaryotic mitochondria 
are thought be derived from bacteria 
in this group. 


Beta Proteobacteria 

This group of bacteria is diverse. 
Some species play an important 
role in the nitrogen cycle. 


Gamma Proteobacteria 

Many are beneficial symbionts that 
populate the human gut, but others 
are familiar human pathogens. 
Some species from this subgroup 
oxidize sulfur compounds. 


Delta Proteobacteria 

Some species generate a 
spore-forming fruiting body in 
adverse conditions. Others 
reduce sulfate and sulfur. 


Epsilon Proteobacteria 

Many species inhabit the digestive 
tract of animals as symbionts or 
pathogens. Bacteria from this group 
have been found in deep-sea 
hydrothermal vents and cold seep 
habitats. 


Rhizobium 
Nitrogen-fixing endosymbiont 
associated with the roots of legumes 


Rickettsia 

Obligate intracellular parasite that 
causes typhus and Rocky Mountain 
Spotted Fever (but not rickets, 
which is caused by Vitamin C 
deficiency) 


Nitrosomas 
Species from this group oxidize 
ammonia into nitrite. 


Spirillum minus 
Causes rat-bite fever 


Escherichia coli 

Normally beneficial microbe of 
the human gut, but some strains 
cause disease 


Salmonella 
Certain strains cause food 
poisoning or typhoid fever 


Yersinia pestis 
Causative agent of Bubonic plague 


Psuedomonas aeruginosa 
Causes lung infections 


Vibrio cholera 
Causative agent of cholera 


Chromatium 
Sulfur-producing bacteria that 
oxidize sulfur, producing HS 


Myxobacteria 
Generate spore-forming fruiting 
bodies in adverse conditions 


Desulfovibrio vulgaris 
Aneorobic, sulfate-reducing 
bacterium 


Campylobacter 
Causes blood poisoning and 
intestinal inflammation 


Heliobacter pylori 
Causes stomach ulcers 


Rickettsia rickettsia, stained red, grow 
inside a host cell. 


Vibrio cholera 


Desulfovibrio vulgaris 
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Five of the Major Clades of Bacteria 


PROTEOBACTERIA 
Subgroup: Aa) Proteobacteria 


Rhizobium (arrows) 


Subgroup: Beta Proteobacteria 


iy 
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Nitrosomonas 


Subgroup: Gamma Proteobacteria 


Chromatium 


Subgroup: Delta Proteobacteria 


Chondromyces crocatus Bdellovibrio bacteriophorus 


Subgroup: Epsilon Proteobacteria 


Helicobacter pylori 
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CHLAMYDIAS 


Chlamydia (arrows) 


SPIROCHETES 


Leptospira 


GRAM-POSITIVE BACTERIA 


| 


5pm 
1pm 


Streptomyces Mycoplasmas covering a 
human fibroblast cell 


CYANOBACTERIA 


Oscillatoria 


Other 
bacterial 


phyla 


Bacteria: Chlamydia, Spirochaetae, Cyanobacteria, and Gram-positive 


Chlamydias 

All members of this group are 

obligate intracellular parasites of animal 
cells. Cells walls lack peptidoglycan. 


Spirochetes 

Most members of this species, 

which has spiral-shaped cells, are 
free-living aneaerobes, but some are 
pathogenic. Flagella run lengthwise in the 
periplasmic space between the inner and 
outer membrane. 


Cyanobacteria 

Also known as blue-green algae, 

these bacteria obtain their energy through 
photosynthesis. They are ubiquitous, 
found in terrestrial, marine, and freshwater 
environments. Eukaryotic chloroplasts are 
thought be derived from bacteria in this 
group. 


Gram-positive Bacteria 

Soil-dwelling members of this subgroup 
decompose organic matter. Some species 
cause disease. They have a thick cell wall 
and lack an outer membrane. 


Chlamydia trachomatis 
Common sexually transmitted 
disease that can lead to blindness 


EZ 10 pm 


In this pap smear, Chlamydia trachomatis 
appear as pink inclusions inside cells. 


Treponema pallidum 
Causative agent of syphilis 


Borrelia burgdorferi 
Causative agent of Lyme disease 


Treponema pallidum 


Prochlorococcus 

Believed to be the most abundant 
photosynthetic organism on earth; 
responsible for generating half 
the world's oxygen 


2 Ou m 
Phormidium 


Bacillus anthracis 
Causes anthrax 


Clostridium botulinum 
Causes Botulism 


Clostridium difficile 
Causes diarrhea during antibiotic 
therapy 


Streptomyces 

Many antibiotics, including 
streptomyocin, are derived from 
these bacteria. 


Mycoplasmas 

These tiny bacteria, the smallest 
known, lack a cell wall. 

Some are free-living, and some 
are pathogenic. 
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"B Structure and Movement 


Bacteria and archaea share 


— small size 
— rapid growth 
— simple cellular structure 


* Bacteria and archaea are just 1-5 um in diameter 
Орап and animal cells - between 10 and 100 um in diameter 


* Small cell size less cellular material BUT faster cell 
division 


Prokaryotes and a eukaryotic cell 


э. 


Copyright E) Pearson Education, Inc., publishing as Benjamin Cummings. 


Prokaryotic cell 


Pili 


Capsule 
Cell wall | | 


Cell | 
membrane ' 


Plasmid 


li Flagellum 


ba 


Chromosome Nucleoid region 
(DNA) 


Ribosome 


Cell shape and arrangement 


* Five major shapes 
“spheres - cocci 
Rods - bacilli 
ÜJcomma-shaped - vibrios 
Uspiral-shaped - spirochaetes are flexible, while 
spirilli are rigid 


* Occur as single cells, pairs, or filaments 


The most common shapes of bacteria (colorized SEM) 


Bacilli 
(bap 


ЕЧ 
irilli and spiro 
^m 


х 
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Bacteria cell-wall structure 


* Most have rigid cell wall outside the plasma 
membrane 


— Maintain cell shape and help protect against attack 
— Also help avoid lysis in hypotonic solutions 


* Archaea and some bacteria use protein 


* Most bacteria use peptidoglycan (polysaccharide 
chains cross-linked with unusual peptides) 


Gram stain 


* Gram positive 
Û Relatively thick peptidoglycan layer 
Û Purple dye held in thick layer 
Û Cells are stained purple 
Û vulnerable to penicillin that interferes in cell wall synthesis 


* Gram negative 
U Less peptidoglycan and a thin outer envelope of lipopolysaccharides 
Û Lose purple stain but retain final pink stain 
Û Cells are stained pink 
Û Resists penicillin and requires other antibiotics 


Gram-positive and gram-negative bacteria 
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Gram-positive and gram-negative bacteria 


Peptidoglycan 
5 um 
A, == 
Gram- 
Y positive y 
| cell wall Cell wall 


Plasma 


membrane‏ سے 


(a) Gram-positive 


Lipopolysaccharide Protein 
5 um $ 


: 一 _ 
"^. DAMM 


cell wall Outer 


membrane 
Cell wall 


Periplasmic 
gel EAS 
ч XXX 
Plasma membrane | {|| 


DOO POS) 


(b) Gram-negative 
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Acidic polysaccharides 


Thick peptidoglycan 


layer 


Plasma membrane 


(a) Gram-positive: thick peptidoglycan layer, no outer envelope 


Lipopolysaccharide- 
rich outer envelope 


Thin peptidoglycan 
layer 


Plasma membrane 


(b) Gram-negative: thinner peptidoglycan layer, with outer envelope 
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* All gram positive bacteria are in one phyla. 
Gram negative bacteria are in many phyla, 
including Proteobacteria, Chlamydias, 
Cyanobacteria, Spirochetes, and others. 


Motility (ability to move) 


* Allows cells to move to favorable conditions 
* Respond to chemical signals 


。 Swim, twitch, glide or adjust flotation 


Swimming 


Different from 
eukaryotic flagella 


Like an outboard motor 


Differ in number and 
location of flagella 
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Flagellum 
о, 


" Filament 


The motor rotates the hook, 
which links the internal motor to 
the external filament, composed 
of a protein known as flagellin. 


Motor 


Outer 


envelope 
р H* channel 


proteins 


Plasma 
membrane 


A set of protein rings anchors the flagellum in 
Peptidoglycan the plasma membrane and cell wall. As protons 
(cell wall) (H*) flow into the cell through membrane 
proteins within the motor, these proteins change 
conformation, thereby turning the rings. 
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(a) Bacteria with a single short flagellum (b) Bacterium with multiple long flagella 


a: © Dennis Kunkel Microscopy/Phototake; b: © Scientifica/Visuals Unlimited 


Pili (pilus) 


Twitch or glide across 
surfaces 


Attach to surfaces 
(biofilms) 


Threadlike structures on 
surface of cell 


Also play important 
roles in bacterial 
reproduction and 
disease processes 


Prokaryotic reproduction and new genetic 
combinations 

Binary fission - continual synthesis of DNA 
Transformation - take up of genes from the 
environment 
Conjugation - direct transfer of genes between 
prokaryotes 
Transduction - transfer of genes by viruses 


Sou 


onjugation 


Prokaryotic conjugation 


* Binary fission - divide by splitting in two 


* Basis for widely used method of detecting and 
counting bacteria in samples 


LlPlace measured volume of sample into 
plastic dishes of agar 


JEach single cell will form a visible colony 


* Can also use fluorescent dye that binds 
bacterial DNA to directly count bacteria 


(a) Bacterium undergoing binary fission 


(b) Colonies developed from single cells 
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Nutrition and Metabolism 


* More diverse types of metabolism than any 
other group of organisms 


* Can be classified by 
Nutrition 
JResponse to oxygen 
LI Presence of specialized metabolic processes 


Mode of Energy Carbon 


Nutrition Source Source Types of Organisms 
Autotroph 
Photo- Light CO, Photosynthetic prokaryotes, 
autotroph including cyanobacteria; 
plants; certain protists 
(algae) 
Chemo- Inorganic СО, Certain prokaryotes (for 
autotroph chemicals example, Sulfolobus) 
Heterotroph 
Photo- Light Organic Certain prokaryotes 
heterotroph com- 
pounds 
Chemo- Organic Organic Many prokaryotes and 
heterotroph com- com- protists; fungi; animals; 
pounds pounds some parasitic plants 
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Classification by oxygen response 


* Obligate aerobes - require oxygen 


* Facultative anaerobes - can use oxygen or 
not 


* Obligate anaerobes - cannot tolerate 
oxygen 


Classification by special metabolism 


* Diazotrophs - conduct nitrogen fixation 
Enzyme nitrogenase converts inorganic nitrogen 
gas (N,) into ammonia (NH,) 
Plants and eukaryotic algae depend on ammonia 
to make nitrogen containing compounds 
Rhizobium (proteobacterium) 


ÜHeterocysts - specialized cells for nitrogen 
fixation in cyanobacteria like Anabaena 
— 


Ecological Roles and 
Biotechnological Applications 


* Carbon, nitrogen, phosphorous cycles 
Producers synthesize organic compounds used by 
other organisms as food 
ÜDecomposers (saprobes) break down dead 
organisms to release minerals for reuse 


THE CARBON CYCLE 


CO, in atmosphere 


t 


Burning 


Cellular respiration 


Photosynthesis X, i 


Plants, algae, 


cyanobacteria 
Higher-level 


Wood and consumers 


fossil fuels 
Primary 
consumers 
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THE NITROGEN CYCLE 


Nitrogen in atmosphere (N,) 


D een = 
ЖОО Pins | 


Assimilation eo 


AMARE Den ng 
2 


bacteria 
| E | Nitrates 
(NO, ) 


Decomposers (aerobic 
and anaerobic 
bacteria and fungi) 


Nitrogen-fixing 
bacteria in root 
nodules of 
legumes 


© 


Nitrogen-fixing soil bacteria 


bacteria 
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THE PHOSPHOROUS CYCLE 


Geologic uplifting 


Weathering of 
phosphate 
"from rocks 


ЕЕ e туы o ° See» 


E new 
Sedimentation = аа 


е 2м 
sComposers 
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Symbiotic roles 


* Symbiosis 
— An organism that lives in close association with one 
or more other organisms 
* Parasitism 
— One partner benefits at the expense of the other 


* Mutualism 
— Association is beneficial to both partners 


Abyssopelagic zone 


Mesopelagic Zone (Twilight Zone) 


Abyssal Zone 
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Mutualism: bacterial "headlights" 
Lanterneye or flashlight fish 


Anglerfish female (with male) 


Symbiotic bacteria make 
light 


T Tr 
AUT 


E Human microbiome 


— On human skin and in our digestive and 
reproductive systems 


— Provide services using traits that humans do not 
possess 


— Humans and their microbiome are superorganisms 


lil Diverse types of bacterial metabolism have co-evolved 
with humans 


ШТһе human microbiome 
Ш microbiome 


E Pathogens 


— Organisms that obtain organic compounds from living 
hosts and cause disease (abnormal functioning of host) 


— Pathogen - parasitic microbe causes disease 
symptoms 


— Examples of prokaryote caused disease: 


BM Cholera, leprosy, tetanus, pneumonia, whooping cough, 
diphtheria, Lyme disease, scarlet fever, rheumatic fever, 
typhoid fever, bacterial dysentery, and tooth decay (very 
incomplete list) 


Lyme disease, a bacterial disease transmitted by ticks 
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Putting prokaryotes to work in sewage treatment facilities 


Rotating 
spray arm 


Rock bed 
coated with 
aerobic 
bacteria 
and fungi 


M Liquid wastes Outflow 
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Bioremediation for an oil spill 


